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SECTION  ACTIVITIES. 

NEW  YORK. 
Meeting — January,  1921. 

The  New  York  Section  meeting  of 
January  13  was  devoted  to  the  subject 
of  "Removable  Fixtures."  Invitations 
had  been  extended  to  the  contractor 
dealers,  fixture  manufacturers  and 
dealers,  and  a  large  representation  was 
present  from  these  organizations. 

The  first  paper  of  the  evening  was 
presented  by  Mr.  O.  H.  Caldwell  on 
"What  the  Idea  Is."  By  recaUing  some 
of  the  disadvantages  experienced  by  all 
in  the  selection  of  proper  fixtures  with- 
out an  actual  demonstration  in  the  room 
where  they  were  to  be  used,  he  demon- 
strated the  desirability  of  such  equip- 
ment. 

He  was  followed  by  Mr.  M.  Luckiesh 
who  read  a  paper  entitled,  "Its  Relation 
to  Better  Lighting,"  bringing  out 
through  means  of  its  flexibility  the  many 
advantages  to  be  obtained  under  prac- 
tically any  conditions. 

The  third  paper  was  presented  by  Mr. 
W.  R.  M'Coy  on  "The  Fixture  Man's 
Viewpoint."  He  laid  particular  stress 
upon  the  absolute  necessity,  if  such  de- 
vices were  placed  on  the  market,  of 
there  being  one  and  only  one  standard 
type  such  that  its  application  would  be 
universal. 

Mr.  W.  J.  Shore  presented  the  view- 
point of  the  electrical  contractor,  in  a 
paper  entitled  "How  it  Affects  the  Con- 
tractor Dealer."    While  approaching  the 


subject  from  different  angles  than  those 
presented  by  Mr.  M'Coy,  he  was  evi- 
dently of  the  same  opinion  and  he  too 
emphasized  the  necessity  of  standardiza- 
tion. 

The  meeting  was  well  attended,  about 
two  hundred  being  present. 

PHILADELPHIA. 
Meeting — December,  1920. 

The  monthly  meeting  of  the  Philadel- 
phia Section  was  held  in  the  Engineers' 
Club  on  December  \T,  1920,  at  8:00  p.  m. 

Professor  C.  E.  Clewell  opened  the 
meeting  and  resigned  the  chair  in  favor 
of  Dr.   George  S.   Crampton. 

The  paper  of  the  evening  was  pre- 
sented by  Dr.  C.  E.  Ferree  and  Gertrude 
Rand  of  Bryn  Mawr  College,  entitled, 
"The  Effect  of  Variations  in  Intensity 
of  Illumination  on  Functions  of  Impor- 
tance to  the  Working  Eye."  This  very 
interesting  paper  was  accompanied  by  a 
number  of  slides  and  a  great  many  took 
part  in  the  discussion  of  it. 

SAN   FRANCISCO   BAY   CITIES 
CHAPTER. 
Meeting — December,  1920. 

The  December  15  meeting  of  the  San 
Francisco  Bay  Cities  Chapter  was  held 
at  the  Engineers'  Club.  The  subject  was 
"The  What  and  \\\\\  of  Industrial  Illu- 
mination," and  the  speaker,  Mr.  Otis  L. 
Johnson. 

Members  of  the  following  organiza- 
tions attended  this  meeting:  American 
Institute  of  Electrical  Engineers,  Amer- 
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ican  Society  of  Mechanical  Engineers, 
American  Institute  of  Architects,  San 
Francisco  Chapter,  A.  I.  A.,  American 
Association  of  Engineers. 

Mr.  Clark  Baker  was  the  speaker  for 
the  San  Francisco  Bay  Cities  Chapter, 
I.  E.  S.,  at  the  Industrial  Lighting  Dem- 
onstration of  the  Safety  Exhibit  of  the 
Industrial  Accident  Commission  in  San 
Francisco  on  January  7. 

CLEVELAND  CHAPTER. 
Meeting — Decem.ber,  1920. 

On  December  20,  at  the  Cleveland 
Engineering  Society  Rooms,  Hotel 
Statler,  fourteen  members  residing  in 
Cleveland  had  a  meeting  to  decide  upon 
the  organization  most  desirable  for 
Cleveland.  It  was  voted  to  form  a 
Chapter  instead  of  a  Section. 

The  following  officers  were  elected  by 
ballot : 

Chairman — J.  R.  Colville 
Secretary — A.  H.  Taylor 
Managers — Harry  Swindell 
Wm.  Roy  Mott 
J.  E.  North 
A.  R.  Holden 
Ward  Harrison 


COUNCIL  NOTES. 

upon  the  recommendation  of  the 
Board  of  Examiners,  the  following  were 
elected  to  membership  at  the  meeting  of 
the  Council  on  Dec.  9th : 

Two  Members. 
George  Rucker, 
Sales  Engineer, 
Holophane  Glass  Co., 
340  Madison  Ave., 
New  York,  N.  Y. 
Robert  W.  Stanley, 

Illuminating  Specialist, 
Holophane  Glass  Co., 
340  Madison  Ave., 
New  York,  N.  Y. 


Twenty  Asssociate  Members. 

David  Reeves  Baker, 
Production  Specialist, 
Electric  Outlet  Co.,  Inc., 
ixy  VV.  40th  St., 
New  York,  N.  Y. 
Eugene  Braun, 

Chief  Electrician, 
F.  Ray  Comstock  &  Morris  Gest, 
104  W.  39th  St., 
New  York,  N.  Y. 
F.  A.  Coffin, 

Sales  Manager, 
The  Milwaukee  Electric  R.  R.  & 
Eight  Co., 
Pubhc  Service  Bldg., 
Milwaukee,  Wis. 
Charles  H.  Crockett, 
Research  Engineer, 
Stow  Ave., 
Troy,  N.  Y. 
Raleigh  Crumbliss, 
Sales  Engineer, 
Duplex  Works  of  G.  E.  Co., 
626  McCallie  Ave., 
Chattanooga,  Tenn. 
Thomas  E.  Fitzsimons, 
Salesman, 
Westinghouse  Lamp  Co., 
1008  Gas  &  Electric  Bldg., 
Denver,  Colo. 
Arthur  Richard  Fryklund, 
Sales  Engineer, 
Western  Electric  Co., 
680  Folsom  St., 
San  Francisco,  Cal. 
I.  H.  Gerlach, 
Salesman, 
Packard  Sales  Division,  National 
Lamp  Works, 
Warren,  Ohio. 
Claude  W.  Griffen, 
Efficiency  Engineer, 
James  McCreery  &.  Co., 
Fifth  Ave.  and  34th  St., 
New  York,  N.  Y. 
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John  L.  Higgins, 
Treasurer, 
Electric  Outlet  Co.,  Inc., 
119  W.  40th  St., 
New  York,  N.  Y. 

Joseph  C.  Miller, 
Office  Manager, 
L.  Plaut  &  Co., 
432  E.  23d  St., 
New  York,  N.  Y. 
A.  R.  MoREY, 

Sales  Engineer, 
Duplex  Ltg.  Wks.  of  G.  E.  Co., 
6  W.  48th  St., 
New  York,  N.  Y. 
Al.  B.  Nyquist, 
Sales  Engineer, 
Duplex  Ltg.  \\ks.  of  G.  E.  Co., 
6  W.  48th  St., 
New  York,  N.  Y. 

A.  Mortimer  Prall, 
Salesman, 
Duplex  Ltg.  Wks.  of  G.  E.  Co., 
6  W.  48th  St., 
New  York,  N.  Y. 

Philip  Silverman, 

Traveling  Salesman, 
L.  Plaut  &  Co., 
432  E.  23d  St., 
New  York,  N.  Y. 

OsAKi  Sue, 

Chief  Engineer, 
%  Senpakabu,  Mitsai  &  Co., 
Kobe,  Japan. 

Ben  Tousley, 

Trade  Relations  Representative, 
Electric  Outlet  Co.,  Inc., 
119  W.  40th  St., 
New  York,  N.  Y. 

A.  J.  Wager, 

Supt.  of  Power  Sales, 
The  ^Milwaukee   Electric   Railway 
&  Light  Co., 
Public  Service  Bldg., 
Milwaukee,  W'is. 


Philip  C.  Lenz, 

Duplex  Ltg.  Wks.  of  G.  E.  Co., 
7723  S.  Park  Ave., 
Chicago,  111. 
Hewitt  Warburton, 

Duplex  Ltg.  Wks.  of  G.  E.  Co., 
6  W.  48th  St., 
New  York,  N.  Y. 
(Subject  to  the  Approval  of  the  Board 
of  Examiners.) 

One  Member. 

Chas.  T.  Wiley, 
Sales  Engineer, 
Adams  Bagnall  Electric  Co., 
East  National  Road, 
Richmond,  Ind. 

Six  Associate  Members. 

Conrad  Behrens,  Jr., 

Physician  and  Surgeon, 

Specializing   in    Ophthalmology, 
24  E.  48th  St., 
New  York,  N.  Y. 
Chester  Boothe  Blakeman, 
Sales  Engineer, 
Duplex  Ltg.  Wks.  of  G.  E.  Co., 
6  \Y.  48th  St., 
New  York,  N.  Y. 
Addison  H.  Lawton, 
Sales  Engineer, 
Duplex  Ltg.  Wks.  of  G.  E.  Co., 
Denver,  Colo. 

G.  A.  Spaide, 
Salesman, 
Macbeth-Evans  Glass  Co., 
1722  Ludlow  St., 
Philadelphia,  Pa. 
Harry  W.  Butler, 
.Sales  Engineer, 
Duplex  Ltg.  Wks.  of  G.  E.  Co., 
6  W.  48th  St., 
New  York,  N.  Y. 
L.  F.  Heckmann, 

District  Illuminating  Engineer, 
Westinghouse  Lamp  Co., 
1916  Union  Bank  Bldg., 
Pittsburgh,  Pa. 


TRANSACTIONS  I.  EJ.   S. — PART  I.      VOL..  XVI,   NO.    I,  I'EB.    10,    I92I 


DR.  ROGERS  APPOINTED  ASSISTANT 
SECRETARY. 

Dr.  R.  C.  Rodgers  has  recently  been 
appointed  Assistant  Secretary  of  the 
Ilhiminating  Engineering  Society.  Until 
the  time  of  his  affiliation  with  the  So- 
ciety on  January  17,  1921,  he  served  for 
fifteen  years  in  the  Department  of 
Physics  of  Cornell  University,  from 
which  university  he  graduated  in  1905 
with  the  degree  of  M.  E.,  and  through 
advanced  work  obtained  the  degrees  of 
M.  A.  and  Ph.  D. 

He  has  been  particularly  interested  in 
photometry  and  illumination  for  some 
years  past,  and  while  at  Cornell  had 
charge  of  several  courses  in  Physics 
giving  lecture,  recitation  and  laboratory 
work.  Since  the  retirement  of  Dr. 
Edward  L.  Nichols  as  head  of  the 
Physics  Department,  he  has  been  in 
charge  of  the  work  in  the  Physics  of 
Photography,  further  developing  the 
courses  originated  by  Prof.  G.  S.  Moler 
who  retired  in  191 7. 

Dr.  Rodgers  is  a  member  of  the  Amer- 
ican Physical  Society,  the  American 
Association  for  Advancement  of  Science, 
the  Optical  Society  of  America,  the 
American  Institute  of  Electrical  Engi- 
neers, the  Illuminating  Engineering  So- 
ciety, the  Cornell  Engineering  Society 
and  the  honorary  society  of  Sigma  Xi. 

His  duties  with  the  Society  will  be  in 
the  direction  of  promoting  its  interests 
and  expanding  its  activities  and  influ- 
ence. He  will  assist  the  chairmen  of 
committees,  where  possible,  in  the  details 
of  their  work,  and  will  endeavor  to  in- 
crease the  membership  of  the  Society. 


COMMITTEE  ACTIVITIES. 

COMMITTEE  ON  AUTOMOBILE  HEAD- 
LIGHTING  SPECIFICATIONS. 

The  work   of   the   Committee   during 
the  present  administration  has  consisted 


in  cooperating  with  the  National  Traffic 
Officers'  Association,  and  with  the  Joint 
Committee  on  Uniform  Vehicle  Laws 
organized  by  the  National  Automobile 
Chamber  of  Commerce  and  other  bodies 
framing  propositions  covering  the  light- 
ing of  automobiles.  The  results  of  these 
conferences  have  been  satisfactory  inas- 
much as  both  bodies  have  signified  their 
acceptance  of  the  I.  E.  S.  system  for 
regulation.  It  is  understood  that  the 
I.  E.  S.  system  will  shortly  be  adopted 
by  the  State  of  Massachusetts. 

At  a  meeting  of  the  Committee  held 
on  January  5th  the  question  of  proposals 
to  be  made  to  a  National  Conference  on 
Highway  Traffic  Regulations  to  be  held 
in  Washington  during  the  week  begin- 
ning Monday,  January  loth,  was  dis- 
cussed. It  was  planned  for  the  Com- 
mittee to  be  represented  informally  at 
this  conference  for  the  purpose  of  co- 
operating in  the  field  in  which  it  is 
concerned. 

The  rules  and  specifications  put  out 
by  this  Committee  as  revised  in  May, 
1920,  and  printed  as  its  interim  report 
in  the  Transactions  (Vol.  XV,  No.  4, 
June  ID,  1920)  have  received  very  ex- 
tensive endorsement  on  the  part  of 
traffic  regulatory  bodies.  They  have 
been  adopted  verbatim  by  the  State  of 
Maryland  and  their  chief  provisions 
have  been  excerpted  and  adopted  by 
other  states.  It  would  seem  therefore 
that  these  rules  and  specifications,  par- 
ticularly in  the  absence  of  other  rules 
and  specifications  in  this  field,  are  suit- 
able for  submission  to  the  American 
Engineering  Standards  Committee  for 
the  approval  of  that  Committee.  Such 
approval  would  undoubtedly  have  the 
effect  of  adding  considerable  to  the 
weight  and  to  the  stability  of  these  rules, 
and  would  have  the  effect  of  promoting 
their  wider  acceptance.  The  Committee 
at  its  meeting  on  January  5th  voted  that 
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it  was  desirable  that  this  should  be  done 
and  that  the  I.  E.  S.  Council  be  re- 
quested to  pass  a  formal  vote  of  ap- 
proval of  these  rules  and  specifications 
and  also  a  resolution  authorizing  the 
Committee  through  its  Chairman  to  sub- 
mit these  rules  and  specifications  on 
behalf  of  the  Society  to  the  American 
Engineering  Standards  Committee  for 
the  approval  of  that  Committee. 

At  this  meeting  a  discussion  was  also 
held  of  the  apparent  limitation  placed  on 
the  activities  of  the  Committee  by  the 
name  given  to  the  Committee.  As  a 
matter  of  fact  the  Committee  has  per- 
force gone  beyond  the  field  which  a 
strict  interpretation  of  its  designation 
would  indicate.  That  is,  it  has  done 
more  than  to  consider  the  question  of 
specifications  for  headlighting.  It  was 
suggested  to  the  Council  therefore  that 
the  designation  of  the  Committee  be 
changed  from  "Committee  on  Automo- 
bile Headlighting  Specifications"  to 
"Committee  on  Motor  Vehicle  Lighting." 

All  the  recommendations  and  sugges- 
tions of  the  Committee  were  approved 
and  adopted  by  the  Council  at  its  meet- 
ing on  January  13,   1921. 

COMMITTEE  ON  PAPERS. 

The  Committee  on  Papers  invites 
communications  from  members  wishing 
to  offer  papers  for  presentation  at  the 
1921  Convention  which  will  probably  be 
held  in  September.  The  Committee  also 
desires  members  knowing  of  notable 
developments  in  the  field  of  illumination 
to  communicate  the  facts  to  the  Com- 
mittee in  order  that  proper  provision 
may  be  made  for  papers  covering  such 
developments. 

COMMITTEE  ON  LIGHTING 
LEGISLATION. 

Mr.  L.  B.  Marks,  Chairman  of  the 
Committee  on  Lighting  Legislation,  act- 


ing upon  authority  granted  by  the  Coun- 
cil, after  conference  with  the  Secretary 
of  the  American  Engineering  Standards 
Committee,  invited  the  following  organi- 
zations to  name  representatives  to  serve 
on  the  Sectional  Committee  organized 
under  the  rules  of  procedure  of  the 
American  Engineering  Standards  Com- 
mittee for  the  revision  of  the  L  E.  S. 
Industrial  Lighting  Code: 

Section Ai,  Committee. 

Organizations  Official 

Representatives 

Illuminating  Engineering  Society 

(See  below) 

American  Gas  Association.  .W.  J.  Serrill 

American  Institute  of  Electrical 

Engineers Prof.  C.  E.  Clewell 

Dr.  Louis  Bell 

American  Society  of  Mechanical 

Engineers Dr.  A.  S.  McAllister 

Association  of  Edison  Illumi- 
nating Companies G.  B.  Regar 

Bureau  of  Standards. .  .Dr.  M.  G.  Lloyd 

International  Association  of  In- 
dustrial Accident  Boards 
and  Commissions.  .Thos.   C.   Eipper 

National  Electric  Light  Asso- 
ciation   C.   L.   Law 

National  Safety  Council.. W.  D.  Keefer 

National  Workmen's  Compen- 
sation Service  Bureau 

W.  H.  Cameron 

U.  S.  Public  Health  Service 
(Department  of  Industrial 
Hygiene)  .Dr.  J.  W.  Schereschewsky 

The  Illuminating  Engineering  Society 
is  represented  on  the  Sectional  Com- 
mittee by  Messrs.  W.  T.  Blackwell, 
W.  F.  Little,  R.  E.  Simpson,  G.  H. 
Stickney  and  the  Chairman  of  the  Com- 
mittee on  Lighting  Legislation. 

In  connection  with  the  proposed  revi- 
sion of  the  code  the  following  sub- 
committees of  the  Committee  on  Light- 
ing Legislation  have  been   functioning: 
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Suh-Committce  on  Rules: 
L.  B.  Marks,  Chairman 
W.  T.  Blackwell 
,      Dr.  M.  G.  Lloyd 
W.  J.  Serrill 
G.  H.  Stickney 

Suh-Committee   on  Appendix: 
C.  E.  Clewell,  Chairman 
C.  O.  Bond 
Ward  Harrison 
S.  G.  Hibben 
W.  F.  Little 

Sub-Committee  on  Emergency 
Lighting: 

R.  E.  Simpson,  Chairman 
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ClRCULARIZATION. 
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Labor  in  each  state  in  which  the  code 
is  not  yet  in  force  calling  attention  to 
it  and  offering  the  cooperation  of 
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to  bring  this  matter  to  the  attention  of 
legislators  interested  in  labor  laws  in 
those  states  in  which  the  Legislatures 
are  now  in  session. 
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Trans,  of  the  Faraday  Society 

The  Microscope  :  Its  Design,  Construc- 
tion and  Applications.  A  Sympo- 
sium     and      General      Discussion. 

(Entire  number) —  Sept. 

Zeitschrift  fiir  Beleuchtungswesen 

Uber  das  Photometrieren  von  Schein- 

werfern —  H.  Erfle  Aug.  15/31        in 

Der   Lichtstrombegriff   und   seine   An- 

wendungen —  N.  A.  Halbertsma  Sept.  15/30        121 


SIGNIFICANT  DEVELOPMENTS  IN  ILLUMINATION 
DURING  1920. 


In  the  Electrical  World  for  January  8,  1921,  appeared  an  article  by 
Mr.  P.  S.  Millar  on  the  "Significant  Development  in  Illumination  During 
1920."  In  this  timely  resume  of  the  important  developments  the  author 
pointed  out  that  the  practice  of  industry  to  provide  more  effective  illumi- 
nation with  a  view  to  promoting  efficiency  is  established.  Reports  indicate 
that  manufacturers  are  convinced  of  its  economic  values,  finding  the  small 
added  lighting  costs  to  be  more  than  offset  by  the  production  economies 
effected. 

The  experimental  work  of  C.  E.  Ferree  and  Gertrude  Rand,  Trans- 
actions I.  E.  S.,  1920,  Vol.  XV,  pp.  769-801,  partly  confirming  general 
observation  and  partly  supplying  new  data,  offers  a  scientific  basis  for 
explanation  of  part  of  the  economic  advantage  found  to  result  from  this 
improvement  in  industrial  lighting  conditions. 

Modes  of  street  lighting  are  improving  especially  in  designing  a  unit 
to  take  care  of  intensive  lighting  for  evening  use  and  for  all-night  service 
as  found  in  the  Saratoga  installation. 

The  use  of  integrating  spheres  for  the  rating  and  tests  of  incandes- 
cent electric  lamps  is  more  extensive,  as  well  as  the  use  of  the  foot-candle 
meters  for  lighting  inspection  purposes. 

The  subject  of  reflection  factors  has  been  advanced  and  may  now  be 
considered  cleared  up.  Several  reflectometers  have  been  designed  or  built 
which  are  capable  of  giving  rather  accurate  values. 

The  cooperation  of  the  reflector  lamp  manufacturers  in  adopting  a 
standard  specification  for  their  reflectors  is  noted  and  promises  to  pro- 
mote the  field  of  good  lighting. 
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A  tendency  towards  better  diffusion  of  light  has  been  witnessed,  large 
lighting  units  which  the  war-time  conditions  brought  about  are  now  being 
replaced  by  smaller  units. 

Progress  in  the  employment  of  color  in  commercial  lighting  has  been 
reported,  color  filters  being  used  to  bring  about  pleasing  effects  in  show 
windows,  etc. 

The  remodeling  of  old  fixtures  by  the  addition  of  equipment  for 
directing  and  shading  light  sources  in  order  to  obtain  good  results  has 
been  tried  in  Chicago. 

The  I.  E.  S.  Rules  governing  the  performance  of  automobile  head- 
lamps on  the  road  and  specifications  for  laboratory  tests  of  headlighting 
devices  for  approval  by  State  authorities  in  original  or  revised  form  has 
been  adopted  by  six  states ;  and  also,  the  same  rules  have  been  embodied 
in  the  proposed  uniform  traffic  law  of  the  International  Traffic  Officers' 
Association. 


LOW- VOLTAGE  LAMP  GIVING  LIGHT  FRO!^I  GASEOUS 

CONDUCTION. 


In  the  Journal  of  the  American  Institute  of  Electrical  Engineers,  for 
August,  1920,  there  was  published  an  elaborately  illustrated  paper  by  D. 
McFarlan  Moore  entitled  "Gaseous  Conduction  Light  from  Low-Voltage 
Circuits,"  in  which  an  outline  was  given  of  the  development  of  the  types 
of  gaseous-tube  lamp  of  which  the  author  was  the  inventor,  together  witli 
a  discussion  of  various  possibilities  of  developing  new  types  of  lamps 
using  gaseous  conduction,  and  a  description  of  a  lamp  that  has  cold 
electrodes  and  is  designed  to  start  and  operate  without  using  high  poten- 
tial. This  lamp  has  as  yet  not  been  completely  developed,  but  it  seems  to 
fulfill  the  conception  of  a  gaseous-conductor  lamp,  without  any  auxil- 
iaries, for  low-potential  circuits.  The  author  expressed  the  hope  that  the 
great  cause  of  new  and  better  lighting  methods  in  which  his  deep  interest 
has  been  centered  for  years  may  be  spurred  to  rapid  advancement  in  a 
new  direction  that  gives  promise  of  reward  to  an  unlimited  number  of 
worthy  investigators  and  inventors. 

In  the  new  lamp,  use  is  made  of  the  gas  neon  which  is  unique  among 
light  sources  because  of  its  exceptional  luminous  efficiency.  One  of  its 
remarkable  properties  resides  in  the  fact  that  its  maximum  emission  is 
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between  the  wave-lengths  of  590  and  650.  When  used  as  a  positive  col- 
umn of  light  neon  gas  gives  a  color  so  reddish  that  it  would  be  objection- 
able for  many  purposes,  but  the  color  is  yellowish  when  the  same  gas  is 
used  as  a  negative  glow,  as  is  done  in  the  new  lamp. 


I,ow-Voltage  Gaseous  Conductor  I,ainp. 

The  lamp  is  shown  in  the  accompanying  illustration,  taken  from  the 
application  for  a  patent  filed  Nov.  30,  1917.  It  needs  no  auxiliaries  for 
operation  at  220  volts,  and  it  will  give  a  faint  glow  when  operated  at  a 
voltage  as  low  as  no.  In  outward  form  it  resembles  an  incandescent 
electric  lamp,  and  it  is  equally  as  simple,  although  in  its  present  form  it 
is  far  less  efficient. 

The  central  glass  stem  is  provided  with  radial  arms  which  support 
two  windings  of  aluminum  wires  that  are  insulated  from  each  other  but 
each  of  which  is  attached  to  one  of  the  two  poles  of  the  lamp  base.  This 
corona  type  of  lamp  produces  a  luminosity  that  is  due  not  to  arcing  or 
even  pure  discharge  phenomena  but  to  the  glowing  of  light  emanating 
from  electrodes  or  radiators  that  normally  have  a  temperature  below  red 
heat. 

All  of  the  light  radiated  from  the  new  type  of  lamp  is  produced  by 
the  negative  discharge;  not  by  the  positive  column  as  is  the  light  in  all  of 
the  long  vacuum  tubes  when  in  operation  from  either  a.  c.  or  d.  c.  circuits. 
All  text  books  and  investigators  have  heretofore  considered   that  the 
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amount  of  light  given  by  the  negative  glow  in  any  vacuum  tube  discharge 
was  so  small  as  to  make  it  entirely  negligible  as  a  light  source. 
An  ordinary  long  tube  discharge  consists  of — 

(a)  next  to  the  cathode,  the  short  first  dark  space, 

(b)  the  short  and  not  bright  negative  glow, 

(c)  the  short  second  dark  space, 

(d)  the  long  brilliant  positive  column  extending  to  the  anode. 

In  the  lamp  just  described,  the  positive  column  has  been  practically 
eliminated,  and  substantially  the  only  luminous  discharge  in  the  lamp  is 
the  negative  glow,  which  appears  in  the  form  of  a  velvety  glow  or  corona 
of  yellowish  light  over  the  entire  surface  of  the  alternating  current  elec- 
trodes and  also  a  uniform  gaseous  radiation  throughout  the  entire  interior 
of  the  bulb.  On  220  volts  it  uses  from  the  line  about  o.ii  amp.  and  21 
watts,  but  of  this  amount  3.6  watts  at  33  volts  is  consumed  by  a  resistor 
I  in.  long  placed  in  the  skirt  of  the  lamp  base,  thereby  affording  a  con- 
venient method  of  adjusting  the  wattage,  life  or  intensity.  The  most 
important  problem  still  to  be  solved  is  how  to  decrease  the  number  of 
heat  waves  and  increase  the  luminous  radiations. 

The  bulb  of  the  lamp  is  filled  with  neon  gas  at  a  pressure  of  3.5  mm. 
Important  factors  in  the  design  of  this  lamp  are : 

I — The  attempt  to  use  a  gaseous  conductor  of  maximum  conductivity. 

2 — Electrodes  that  are  subdivided  and  of  as  large  a  total  area  as  possible. 

3 — A  gas  column  (discharge  gap  as  short  as  possible). 

4 — The  plane  of  the  electrodes  of  opposite  polarity  placed  parallel  to  each 

other. 
5 — The  length  of  the  radiator  electrodes  greater  than  the  gas  column  and 

perpendicular  to  it. 

Cathodic  disintegration  is  practically  nil  with  the  minimum  value  of 
cathode  fall.  It  is  greater  at  low  gas  pressures  and  increases  with  the 
square  of  the  current.  It  appears  to  be  due  largely  to  occluded  gases, 
especially  hydrogen.  Such  gases  may  be  removed  by  heating  the  elec- 
trodes. Bulb  blackening  is  less  with  aluminum  radiators  than  tungsten, 
nickel,  copper,  etc.  Iron  radiators  combined  with  fluorescent  coatings 
offer  promise.  The  exceptional  luminous  efficiency  of  neon  makes  it 
unique  as  a  luminescing  medium,  and  it  is  an  excellent  example  of  selec- 
tive emission.  Its  great  scarcity  until  recently  made  progress  difficult, 
but  it  can  now  be  bought  in  quantity  and  of  a  high  degree  of  purity.  It  is 
interesting  to  note  that  the  negative  glow  is  distinctly  different  from  that 
of  a  positive  column.  It  has  no  blue,  violet  or  indigo  lines  and  a  few  infra- 
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red  rays.  It  is  four  times  as  good  a  light  producer  as  the  yellow  white 
light  of  helium  or  the  violet  of  xenon,  both  of  which  emit  many  infra-red 
rays. 

Many  different  forms  of  lamps  of  this  type  have  been  produced. 
The  chief  aim  must  be  to  produce  a  brighter  lamp.  At  higher  voltages 
the  production  of  greater  candlepower  is  more  feasible,  and  consequently 
it  might  be  better  first  to  develop  a  lamp  suitable  for  500-volt  circuits. 
The  brightest  of  the  220-volt  lamps  gives  2.59  spherical  c.  p.  Some  of 
the  chief  conclusions  that  may  be  drawn  from  results  thus  far  obtained 
are  as  follows : 

I — The  efficiency  of  these  lamps  is  about  the  same  whether  operating  on 

a.  c.  or  d.  c.  circuits. 
2 — On  a.  c.  circuits  the  efficiencj'-  is  the  same  over  a  wide  range  in  voltage. 
3 — The  efficiency  also  remains  the  same  on  a.  c.  circuits  for  a  wide  range 

of  candlepowers. 
4 — The  candlepower  (mean  spherical)  varies  approximately  with  the  watts 

consumed  on  either  a.  c.  or  d.  c.  circuits. 
5 — Lamps  having  reasonably  pure  neon  are  not  so   efficient   as   those  in 

which  gas  impurities  make  the  color  of  the  light  whiter. 
6 — ^The  performance  of  the  lamps  is  not  sensibly  affected  by  wide  varia- 
tions in  the  length  of  the  column  or  gap. 
7 — The  same  lamp  equipped  with  the  same  resistance  and  operating  at  the 
same  voltage  takes  a  considerably  higher  line  wattage  on  a.  c.  than 
d.  c.  which  is  doubtless  due  to  the  light  radiating  area  being  double. 
8 — The  candlepower  is  greater  with  radiators  of  large  area. 
9 — The  power  factor  of  these  lamps  is  about  85  per  cent. 
When  operated  at  220  volts  with  direct  current  only,  the  negative 
radiator  pole  will  give  any  light ;  the  radiator  wires  attached  to  the  posi- 
tive pole  will  remain  absolutely  dark. 

These  lamps  demonstrate  that  useful  gaseous  conduction  light  can 
now  be  produced  in  a  simple  manner  from  ordinary  commercial  circuits. 
The  author  expressed  his  belief  that  many  special  uses  will  be  found  for 
such  lamps  and  further  developments  in  low  voltage  electric  gas  lamps 
are  confidently  anticipated. 

Much  information  concerning  the  early  work  connected  with  the 
development  of  gaseous-conductor  lamps  has  been  published  in  the  Trans- 
actions of  the  Illuminating  Engineering  Society,  in  papers  by  the  in- 
ventor. On  March  17,  19 10,  he  presented  a  paper  in  which  was  described 
the  white  light  from  the  Moore  carbon  dioxide  tube  lamp  as  a  standard 
for  color  values,  and  on  November  11,  1915,  he  presented  a  paper  in 
wh'ch  his  lam];s  for  color  matching  were  descriljed. 
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USE  OF  THE  ULBRECHT  SPHERE  IN  THE  MEASUREMENT 
OF  TRANSMISSION  AND  REFLECTION  FACTORS. 


At  a  recent  meeting  of  the  Optical  Society  of  America,  Dr.  Enoch 
Karrer  presented  a  paper  on  the  use  of  the  Ulbrecht  sphere  in  the  meas- 
urement of  transmission  and  reflection  factors,  which  will  be  published 
among  the  scientific  papers  of  the  Bureau  of  Standards. 

In  this  paper  a  brief  historical  survey  was  made  of  the  methods  and 
instruments  used  in  measuring  the  reflection  factor  of  surfaces.  The 
theory  of  the  infinite  luminous  plane  was  discussed  at  some  length  in 
connection  with  the  Nutting  absolute  reflectometer,  which  is  based  upon 
this  theory.  Recent  suggestions  of  the  use  of  the  Ulbricht  sphere  were 
noted  and  several  new  ways  of  using  it  were  described.  A  reflectometer 
based  upon  one  of  the  latter  ways  was  described  in  detail.  This  consists 
of  a  combination  of  the  sphere  with  the  Martens  polarization  photometer. 
The  surface  whose  reflection  factor  is  sought  is  laid  over  an  aperture  in 
the  sphere.  The  brightness  of  it  is  compared  with  the  brightness  of  the 
sphere  wall.  By  screening  the  test  surface  from  the  first  reflected  light 
this  comparison  gives  directly  the  unknown  reflection  factor.  The  theory 
of  this  use  of  the  sphere  was  given  in  full.  By  means  of  this  instrument 
the  reflection  factor  of  a  block  of  magnesium  carbonate  is  shown  to  be 
98.7  per  cent. 

A  transmissometer  based  upon  the  same  theory  was  also  described. 
It  was  also  pointed  out  that  the  spectral  reflection  and  transmission  factors 
may  be  obtained  in  this  way  as  a  step  toward  the  standardization  of 
methods. 

A  description  was  also  given  of  a  simpler  and  less  expensive  reflec- 
tometer that  will  enable  one  to  obtain  the  reflection  factor  of  surfaces 
with  an  error  not  exceeding  15  per  cent. 

In  connection  with  the  above  abstract  of  Dr.  Karrer's  paper,  atten- 
tion should  be  directed  to  the  paper  by  Mr.  A.  H.  Taylor  on  "A  Simple 
Portable  Instrument  for  Measuring  Reflection  and  Transmission  Factors 
in  Absolute  Units,"  which  was  published  in  the  Transactions  I.  E.  S., 
Dec.  30,  1920,  p.  811. 
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PROGRESS  OF  THE  NATIONAL  COMMITTEE  FOR  THE 
PREVENTION  OF  BLINDNESS. 


Six  years  ago  the  National  Committee  for  the  Prevention  of  Blind- 
ness was  organized  with  65  charter  members.  It  has  grown  in  member- 
ship so  that  at  the  latest  report  there  were  approximately  4,000  members 
and  donors.  It  has  devoted  itself  mainly  to  five  or  six  definite  problems 
but  it  has  also  been  obliged  to  interest  itself  in  all  phases  of  conservation 
of  vision,  so  that  its  work  has  been  concerned  with  a  score  of  subjects. 

Naturally,  the  first  point  of  attack  in  all  prevention  of  blindness 
movements  is  the  prevention  of  loss  of  sight  in  infants,  since  one-fourth 
of  all  blindness  in  children  has  been  found  to  be  due  to  this  one  cause. 
Trachoma,  wood  alcohol  poisoning,  conservation  of  vision  classes  in 
schools,  prevention  of  eye  accidents  in  the  industries  are  the  other  main 
subjects  to  which  the  Committee  has  given  intensive  study  and  has  carried 
on  active  propaganda. 

It  has  been  in  connection  with  the  work  for  prevention  of  accidents 
in  the  industries  that  the  Committee  has  been  interested  in  the  phase  of 
better  lighting  in  factories.  Its  handbook  "Eye  Accidents  in  the  Indus- 
tries," which  was  published  in  1917,  has  found  a  large  circulation  and  is 
a  useful  manual.  Attention  is  called  constantly  in  this  manual  to  the 
necessity  for  proper  lighting  conditions  in  the  prevention  of  accidents. 

Conservation  of  vision  classes  in  public  schools  is  a  movement  that 
is  not  more  than  a  half  dozen  years  old  in  America  but  it  has  already 
proved  to  be  a  most  effective  means  of  educating  children  of  defective 
sight  who  are  not  really  blind. 

Mrs.  Winifred  Hathaway,  Secretary  of  the  Committee,  has  prepared 
a  manual  for  conservation  of  vision  classes  in  the  public  schools  which 
is  an  authority  on  the  subject  and  is  coming  into  wide  use.  In  this  manual 
much  space  is  given  to  the  subject  of  proper  lighting  in  schoolrooms. 

The  National  Committee  for  the  Prevention  of  Blindness  maintains 
an  attitude  of  close  cooperation  with  the  Illuminating  Engineering  Society 
and  depends  upon  it  for  authoritative  information  in  the  answering  of 
inquiries  peculiarly  belonging  to  the  subject  of  proper  lighting.  At  the 
recent  annual  meeting  of  the  Committee  the  chief  topic  was  the  relation 
of  proper  illumination  in  the  use  of  the  eyes,  the  principal  address  being 
that  of  Mr.  H.  F.  J.  Porter,  M.  E.,  which  was  entitled,  "Through  Life's 
Windows." 
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SECTION  ACTIVITIES. 

NEW  ENGLAND. 
Meeting — January,  1921. 

A  ver>-  interesting  meeting  of  the  New 
England  Section  of  the  Society  v.as  held 
Friday  night,  January  28,  at  the  Engi- 
neers' Club,  Boston,  !Mass. 

Prof.  William  J.  Drisko,  Professor  of 
Illuminating  Engineering,  Massachusetts 
Institute  of  Technology',  Cambridge, 
gave  a  most  interesting  hour  to  "A  Dis- 
cussion of  Reflection  Factors."  His  re- 
marks on  "Glare  Contrasts,"  "Shadows" 
and  "Quality  Production  as  Against 
Mass  Production"  were  very  clearly 
presented. 

While  not  scheduled  as  one  of  the 
speakers,  the  Society  was  also  honored 
with  an  impromptu  talk  from  Past- 
President  A.  E.  Kennelly,  also  of  !Massa- 
chusetts  Institute  of  Technology.  His 
talk  was  well  punctuated  with  points  of 
humor  and  proved  most  enlightening 
and  entertaining. 

NEW  YORK. 
Meeting — February.  1921. 

"The  Making  of  Colored  Moving  Pic- 
ture Films"  proved  a  most  popular  and 
interesting  subject  at  the  February  10th 
meeting  of  the  New  York  Section.  The 
paper  was  presented  by  Mr.  William  V. 
Kelley  of  the  Prizma,  Inc.,  who  de- 
scribed in  detail  the  taking  of  the  pic- 
ture and  printing  of  the  film  to  get  the 
natural  color  values  portrayed  by  the 
object  to  the  human  eye. 


After  the  reading  of  the  paper,  motion 
pictures  in  colors  were  thrown  upon  the 
screen,  and  each  phase  of  the  develop- 
ment of  the  films  was  demonstrated  and 
explained  by  Mr.  Kelley.  Red  and  green 
filters  are  used  during  the  exposure 
when  taking  simultaneously  the  two 
separate  pictures  initially.  The  tsvo 
films  subsequently  developed  are  so 
printed  and  d3-ed  as  to  show  red  and 
green  views  when  seen  separately,  but 
when  superposed,  as  the  films  themselves 
are  before  being  run  in  the  projector, 
the  views  on  the  screen  are  shown  in 
their  proper  color  combinations. 

He  was  followed  by  :Mr.  W.  T.  Cres- 
pinel,  a  photographer  who  had  just  re- 
turned from  a  nine  months'  trip  to 
Swaziland  in  South  Africa  for  the  tak- 
ing of  colored  pictures.  His  description 
of  the  film  taken  was  very  original, 
humorous  and  interesting.  About  150 
members  and  guests  attended. 

PHILADELPHIA, 
lleeting — January,  1921. 

A  meeting  of  the  Philadelphia  Section 
was  held  on  Tanuarj'  21st  in  the  audito- 
rium of  the  Engineers'  Club.  In  the 
absence  of  the  Chairman,  Professor 
Clewell,  ^Ir.  G.  Bertram  Regar  presided. 

Dr.  Thomas  D.  Cope,  of  the  Depart- 
ment of  Physics,  University  of  Pennsj-l- 
vania,  presented  a  paper  containing  a 
description,  illustrated  by  lantern  slides, 
of  the  photographing  by  a  special  appa- 
ratus of  the  sound  waves  originating 
from  the  snap  of  an  electric  spark. 
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A  second  paper  on  "Progress  in  Gas 
Lighting"  was  read  by  Mr.  Sverrc  Gnl- 
brandsen  of  the  Welsbach  Company, 
Gloucester,  N.  J.,  who  touched  on  the 
invention  of  the  mantle,  its  theory  as 
applied  to  performance  when  heated  by 
a  Bunsen  flame,  critical  composition  and 
weight  of  ash  per  unit  surface,  the  rela- 
tion of  mantle  incandesence  to  improve- 
ments in  burners,  and  the  improvements 
in  burners  in  relation  to  reliable  per- 
formance and  adaptation  to  artistic 
housing.  There  was  also  a  display  of 
the  various  elements  entering  into  com- 
position of  mantles  and  of  various 
mantles,  burners  and  complete  lighting 
tinits. 

Preceding  the  meeting  a  dinner  was 
held  at  the  Engineers'  Club  at  which 
seventeen  persons  were  present.  Forty- 
six  persons  were  present  at  the  meeting. 

Meeting — February,  1921. 

The  monthly  meeting  of  the  Philadel- 
phia Section  was  held  on  February  i8th, 
at  8  :oo  p.  m.,  in  the  Engineers'  Club. 
The  first  speaker  was  Dr.  George  A. 
Hoadley,  who  gave  an  instructive  talk 
on  "The  Fundamental  Requirements  for 
the  Existence  of  All  Wave-Lengths  in 
the  Illumination  of  What  are  Called 
Colored  Materials."  In  connection 
therewith  he  made  clear  to  the  layman 
the  infinitesimal  length  of  a  wave  of 
light,  called  attention  to  the  gifts  of 
nature  in  her  remarkable  colorings,  and 
demonstrated  the  effect  of  the  different 
qualities  of  light  on  colored  materials. 

The  second  subject  of  the  evening  was 
"A  Film  Presentation"  by  Mr.  William 
V.  Kelley,  and  consisted  of  moving  pic- 
tures colored  by  a  modern  process  with 
an  explanation  by  Mr.  Kelley  of  the 
scenes  shown,  and  a  talk  by  Mr.  W.  T. 
Crespinal  during  the  showing  of  the 
film  of  pictures  which  he  took  on  his 
visit  to  Swaziland  in  South  Africa.    This 


presentation  was  of  great  interest  to  all 
present. 

After  the  meeting  those  present  ad- 
journed to  the  dining  room  and  enjoyed 
a  "Bit  o'  Sociability,"  in  other  Vv'ords, 
conversation,  coffee,  and  sandwiches. 
There  were  52  present  at  the  meeting, 
of  whom  19  had  attended  the  dinner  pre- 
ceding the  meeting. 

SAN  FRANCISCO  BAY   CITIES 
CHAPTER. 

At  a  meeting  of  the  Board  of  Mana- 
gers held  on  February  28,  the  program 
for  the  remainder  of  the  season  was 
formulated  as  follows :  On  March  23, 
Prof.  B.  F.  Raber  will  present  a  paper 
on  "Automobile  Headlamp  Lens  Testing 
and  Demonstration"  at  the  University  of 
California ;  on  April  22,  a  Symposium 
on  Industrial  Lighting  will  be  held  at 
the  Safety  Museum,  San  Francisco  In- 
dustrial Light  Exhibit;  on  May  20  a 
visit  will  be  made  to  the  Oakland  Mazda 
Lamp  Factory;  on  June  24,  the  subject 
of  "Reflectors"  will  be  discussed  at  the 
Engineers'  Club,  and  on  September  23, 
at  the  same  place,  the  subject  of  "Fix- 
ture Design"  will  be  discussed. 


COMMITTEE  ACTIVITIES. 

COMMITTEE  ON  MOTOR  VEHICLE 
LIGHTING. 

At  the  recent  Conference  on  Highway 
Traffic  Regulations  held  in  Washington, 
D.  C,  the  I.  E.  S.  system  formulated 
by  the  Committee  on  Headlighting. 
Specifications  (now  the  Committee  on 
Motor  Vehicle  Lighting)  was  formally 
endorsed  and  recommended  for  adoption 
in  the  legislation  of  the  various  states. 
This  means  that  there  is  no  outstanding 
proposition  for  uniform  traffic  regula- 
tions which  does  not  more  or  less  com- 
pletely endorse  the  I.  E.  S.  system. 
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COMMITTEE   ON   PAPERS. 

In  his  report  to  the  Council,  Chairman 
P.  S.  Millar  stated  that  the  work  of  the 
Committee  in  taking  action  upon  papers 
submitted  to  it  has  proceeded  without 
delaj'  under  the  direction  of  \'ice-Chair- 
man  Sticknej-.  The  Committee  on  Edit- 
ing and  Publication,  having  published  in 
the  calendar  year  1920  all  convention 
papers,  advises  that  there  is  in  sight  at 
the  present  time  material  for  inclusion 
in  Part  II  of  the  Til\xsactioxs  only  to 
take  care  of  the  March  issue.  For  sub- 
sequent issues  we  shall  be  dependent 
upon  the  technical  production  of  Sec- 
tions. The  Committee  repeated  its  gen- 
eral invitation  printed  in  Part  I  of  the 
Transactions,  February  10,  1921,  invit- 
ing contributions  for  the  1921  conven- 
tion program.  It  requested  that  the 
President  appoint  Mr.  G.  S.  ^Merrill 
Chairman  Papers  Committee  of  the 
Cleveland  Chapter,  to  serve  on  the  Com- 
mittee on  Papers. 


be  included  in  a  Code  of  Fixture  Design 
and  Installation.  It  was  also  decided 
that  if  such  a  code  was  formulated  it 
would  be  sponsored  by  both  Committees 
involved. 

Mr.  A.  S.  Turner  demonstrated  at  the 
Fixture  Market  in  Buffalo  the  home- 
lighting  exhibit  which  was  kindly  loaned 
by  the  Edison  Lamp  Works.  The  Com- 
mittee co-operated  in  ever>'  way  which 
was  made  possible  bj'  those  in  authority. 
About  400  persons  were  present  at  the 
demonstrations. 

The  I.  E.  S.  Committee  has  assumed 
as  its  scope  of  activity  that  indicated  by 
its  name,  and  therefore,  besides  the  con- 
sideration of  a  Code  of  Fixture  Design 
and  Installation,  has  aimed  to  bring 
about  a  better  understanding  between  the 
designer,  the  manufacturer,  and  the 
dealer  of  fixtures,  and  the  Illuminating 
Engineering  Society. 


NEWS  ITEMS. 


COMMITTEE  ON  REVISION  OF  CON- 
STITUTION AND    BY-LAWS. 

The  Committee,  of  which  Mr.  W.  J. 
Serrill  is  chairman,  has  submitted  a  re- 
port relating  to  certain  revisions  which 
have  been  approved  by  the  Council  for 
submission  to  the  membership  in  accord- 
ance with  the  Constitution. 

COMMITTEE    TO    CO-OPERATE    WITH 
FIXTURE    MANUFACTURERS. 

A  joint  meeting  of  the  I.  E.  S.  Com- 
mittee to  Co-operate  with  Fixture  Manu- 
facturers and  the  Committee  appointed 
by  the  National  Council  of  Fixture 
Manufacturers  was  held  in  Buffalo  dur- 
ing the  week  of  February  14.  At  that 
time  it  was  decided  to  hold  a  meeting 
of  the  I.  E.  S.  Committee  in  Cleveland 
on  April  12  to  take  definite  steps  toward 
the  compilation  of  material  which  should 


DR.  KARRER  WITH  NELA  RESEARCH 
LABORATORY. 

Dr.  Enoch  Karrer,  until  recently  Phys- 
icist at  the  Bureau  of  Standards,  Wash- 
ington, has  now  joined  the  staff  of  the 
Section  of  Applied  Science,  Xela  Re- 
search Laboratory-,  Cleveland,  where  he 
will  engage  in  research  work.  In  April, 
1918,  as  a  member  of  the  military  per- 
sonnel of  the  Army  Searchlight  Engi- 
neers, Dr.  Karrer  was  detailed  to  work 
on  searchlight  problems  in  cooperation 
with  the  Bureau.  After  the  war  he  en- 
tered the  Bureau  in  a  civil  capacity-,  and 
was  later  put  in  charge  of  the  Search- 
light Section.  During  the  time  he  was 
engaged  in  this  work  he  carried  out 
many  valuable  researches  on  mihtary 
searchlight  equipments,  some  of  the  re- 
sults of  which  have  been  or  will  be  pub- 
lished soon.  Dr.  Karrer  has  been  a 
member  of  the  Society  since  1916. 
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WANTED— A   NAME   TO   REPLACE 
"LIGHTING  UNITS." 

The  combination,  consisting  of  sup- 
port or  container,  illuminant  and  acces- 
sories, should  he  designated  by  a  name. 
"Lighting  unit"  is  obviously  undesirable. 
The  word  "fixture"  too  is  unsatisfactory 
since  it  is  not  distinctive,  applying  as 
well  to  plumbing,  etc.  In  times  past 
such  words  as  "candlestick,"  "candela- 
bra," "lamp,"  have  served  useful  pur- 
poses. There  is  no  adequate  distinction 
for  modern  combinations  of  the  kind 
referred  to.  At  a  recent  meeting  of  the 
New  York  Section  of  the  Illuminating 
Engineering  Society  the  topic  of  discus- 
sion was  anonymously  termed  "remov- 
able fixtures"  which  illustrated  the  need 
for  standardization  of  nomenclature  in 
this  connection. 

Illuminating  Engineering  Society  mem- 
bers are  invited  to  submit  suggestions 
for  names  which  may  be  considered  for 
possible  adoption.  Suggestions  should 
be  directed  to  the  General  Office  and 
will  make  their  appearance  in  due  course 
in  Part  I  of  the  Transactions. 

WESTINGHOUSE  ILLUMINATING 
ENGINEERING   BUREAU. 

A  new  branch  of  technical  service,  the 
illuminating  engineering  bureau  of  the 
Westinghouse  companies,  has  recently 
been  created  to  assist  Westinghouse 
interests  and  their  field  representatives 
in  the  apphcation  and  sale  of  lamps, 
industrial  Ughting  fixtures  and  lighting 
appliances.  The  work  of  the  bureau  will 
embrace  the  preparation  of  complete 
specifications  on  industrial,  commercial, 
residential  and  street  lighting,  the  prepa- 
ration of  technical  articles  and  lectures, 
the  testing  and  development  of  new 
accessories  and  the  co-operative  activi- 
ties of  engineering  societies.  District 
illuminating  engineers  and  lighting  spe- 
cialists have  been  appointed  to  work  with 


tlie  company's  lighting  salesmen.  Head- 
quarters of  the  bureau  will  be  located  at 
the  lamp  company's  works  in  Bloomfield, 
N.  J.,  under  the  general  supervision  of 
the  lighting  service  department  of  the 
lamp  company.  A  branch  will  be  estab- 
lished at  the  George  Cutter  works  of 
the  Westinghouse  Electric  &  Manufac- 
turing Company  in  South  Bend,  Ind., 
S.  G.  Hibben  at  Bloomfield  will  direct 
the  general  operations  of  the  lamp  com- 
pany district  engineers  and  the  bureau, 
while  C.  J.  Stahl  in  South  Bend  will 
direct  the  Cutter  specialists. 

Y.  M.  C.  A.  COURSE  IN  ILLUMINATING 
ENGINEERING. 

The  Central  Y.  M.  C.  A.  Technical 
School  of  Chicago  has  announced  a  new 
evening  course  in  illumination  to  cover 
fifteen  v/eeks.  The  instructor  for  the 
course  is  Mr.  Edwin  D.  Tillson,  a  test- 
ing engineer  of  the  Commonwealth  Edi- 
son Co.,  who  is  engaged  in  central  sta- 
tion work ;  he  is  a  member  of  the  Board 
of  Managers  of  the  Chicago  Section  of 
the  I.  E.  S.  and  is  taking  a  very  active 
interest  in  illuminating  engineering. 

The  illuminating  engineering  course  is 
prepared  to  benefit:  (l)  The  lighting 
fixture  salesman,  (2)  the  electrical  con- 
tractor and  dealer,  (3)  the  light  and 
power  solicitor,  (4)  the  manufacturer  of 
lamps  and  lighting  accessories,  (5)  the 
electrical  inspector,  (6)  the  electrical 
maintenance  man. 

The  course  as   outlined  below  is  de- 
signed to  present  the  facts  necessary  for 
the   layout  of   illumination   for   a   wide 
variety  of  purposes.     It  is  given   from 
the  practical  point  of  view. 
Synopsis  of  Fifteen  Weeks'  Course. 
1st  Week — Units  of  Measurement. 
2nd  Week — Electric  lUuminants. 
3rd    Week — Reflectors     and     Enclosing 

Glassware. 
4th  Week — Diffusion  of  Light. 
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5th  Week — Planning  a  Lighting  System. 

6th  Week — Interior  Lighting. 

7th  Week— (B)  Schools. 

8th  Week— (C)   Stores. 

9th  W'eek — (D)    Industrial  Plants. 

loth  Week — (E)  Residences. 

nth  Week — Exterior  Lighting. 

I2th  Week — Street  Lighting. 

13th  Week — Photometers. 

14th  Week — How  to  Sell  Good  Illumi- 
nation. 

15th  Week — How  to  Sell  Good  Illumi- 
nation  (Continued). 

CONTRIBTITIONS  FOR  THE  1921 
CONVENTION. 

Members  who  are  in  a  position  to  con- 
tribute papers  suitable  for  presentation 
at  the  annual  convention  which  will  be 
held  probably  in  September  or  October 
are  invited  to  notify  the  general  office, 
advising  of  the  subject  and  character  of 
the  proposed  paper.  It  will  be  appre- 
ciated also  if  members  will  advise  of 
other  developments  in  the  science  or  art 
of  illumination  which  might  with  advan- 
tage be  included  in  the  program. 

The  character  of  material  desired  for 
convention  presentation  as  set  forth  in 
the  Society's  Manual  is  as  follows : 
Material  Desired. 

1.  Original  contributions   of  new  and 

interesting  material. 

2.  Collections  of  material  in  new  and 

useful  forms. 

3.  Subjects  and  treatments  which  are 

peculiarly  appropriate  for  presen- 
tation before  the  Illuminating  En- 
gineering Society. 
Material  Not  Desired. 

1.  Material  not  closely  related  to  illu- 

minating engineering. 

2.  Material  already  available  in  satis- 

factory form. 

3.  Prolix  treatment. 

4.  Papers    or    discussions    having   the 

manifest  purpose  of  advertisement. 


COUNCIL  NOTES. 

At  the  meeting  of  the  Council  held  on 
February  10,  the  following  actions  were 
taken  with  reference  to  special  commit- 
tee work : 

Dr.  G.  S.  Crampton  was  appointed 
chairm.an  of  a  special  committee,  with 
power  to  appoint  additional  members, 
the  purpose  of  which  committee  is  to 
canvass  the  field  of  ophthalmologists  for 
new  members. 

It  was  voted  to  appoint  a  special  com- 
mittee to  consider  the  matter  of  organ- 
izing another  lecture  course. 

As  the  result  of  the  report  of  the 
special  committee  appointed  to  investi- 
gate the  business  status  of  the  Society, 
the  following  recommendations  of  the 
committee  were  adopted  by  the  Council : 

(i)  That  the  Council  take  immediate 
steps  to  insure  vigorous  and  effective 
activities  calculated  to  increase  the  reve- 
nue through  additional  (a)  Sustaining 
Memberships,  (h)  Individual  Member- 
ships, (c)  Tr.\nsactioxs  Sales,  (d)  Ad- 
vertising  Sales. 

(2)  That  a  tem.porary  committee  be 
appointed  to  report  upon  the  Societ>''s 
advertising  problem. 

(3)  That  all  unnecessary  illustrations 
in  the  Transactions  (especially  those 
requiring  half-tone  inserts)  be  dispensed 
with. 


NEW    MEMBERS. 
Two  Sustaining  Members. 
Alfred  Vester  Sons,  Inc., 
5  Mason  St., 

Providence,  R.  I. 

L.  Plaut  &  Company, 
432-4  E.  23d  St., 
New  York,  N.  Y. 
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One  Transfer. 

Dr.  Conrad  Berens,  Jr., 
Physician  and  Surgeon, 
Specializing  in  Ophthalmology, 
24  E.  48th  St., 
New  York,  N.  Y. 

Tiiree  Members. 

Edwin  C.  Aham, 

Pres.  The  E.  C.  Adam  Co., 
Lighting  Fixture  Manufacturers, 
902  Pine  St., 
St.  Louis,  Mo. 

A1.FRED  W.  Devine, 

Inspector  of  Motor  Vehicle  Traffic, 
R-106  State  House, 
Boston,  Mass. 

Elmar  H.  Whitney, 

District  Illuminating  Engineer, 
Westinghouse  Lamp  Co., 
13&  Federal  St., 

Boston,  Mass. 

Thirteen  Associate  Members. 

Thomas  E.  Babson, 
Sales  Engineer, 

Sibley-Pitman  Electric  Corp., 
190  Sixth  Ave., 
New  York,  N.  Y. 

W.  H.  Cook, 
Architect, 

1301  Mahoning  Bank  Bldg., 
Youngstown,  Ohio. 

Percival  Dolman, 
Physician-Oculist, 

Pres.   Council   for   Conservation   of 
Vision,  California, 
1167  Flood  Bldg., 
San  Francisco,  Cal. 

PauIv  George  Detweieer, 

Manager,    Illuminating    Engineering 
and  Lamp  Sales  Dept., 
The  Hessel  &  Hoppen  Co., 
36  Crown  St., 

New  Flaven,  Conn. 


RussEi,  W.  Frost, 

R.  W.  Frost  &  Co., 
404  Yeon  Bldg., 
Portland,  Ore. 

James  P.  Harkins, 

Electrical  Contractor, 
Harkins  &  McClory, 
21 14  Bainbridge  St., 
Philadelphia,  Pa. 

George  A.  Hausmann, 
Electrical  Engineer, 
Board  of  Education, 
6th  and  Rockwell  Sts., 
Cleveland,  Ohio. 

Wm.  J.  McClory, 

Electrical  Contractor, 
Harkins  &  McClory, 
21 14  Bainbridge  St., 
Philadelphia,  Pa. 

Chas.  O.  Nyquist, 

Sales  Representative, 
Duplex  Ltg.  Wks.  of  G.  E.  Co., 
6  W.  48th  St., 

New  York,  N.  Y. 

Geraed  J.  Otteson, 

Lighting  Service  Dept., 
Edison  Lamp  Works  of  G.  E.  Co., 
Harrison,  N.  J. 

Care  W.  Poeter, 

District  Illuminating  Engineer, 
Westinghouse  Lamp  Co., 
510  W.  23d  St., 
New  York,  N.  Y. 

DUDEEY  W.  STEEVES, 

Mazda  Service  Inspector, 
Electrical  Testing  Laboratories, 
1648  i6th  St., 
Oakland,  Cal. 

Harvey  A.  Stroud, 

Electrical  Engineer  and  Contractor, 
2105  N.  Eleventh  St., 
Philadelphia,  Pa. 
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ILLUMINATION  INDEX. 

Prepared  by  tjik  Cummittkk  on  Progress. 


An  index  of  references  to  books,  papers,  editorials,  news  and  abstracts  on  illumi- 
nating engineering  and  allied  subjects.  This  index  is  arranged  alphabetically 
according  to  the  names  of  the  reference  publications.  The  references  are  then 
given  in  order  of  the  date  of  publication.  Important  references  not  appearing 
herein  should  be  called  to  the  attention  of  the  Illuminating  Engineering  Society, 
29  W.  39th  St.,  New  York,  N.  Y. 


American  Gas  Engineering  Journal 

1085    Gas    Lamps    Installed    in    Provi- 
dence Schools  after  Thorough  In- 
vestigation— 
Company  Testing  New  Gas  Lamps — 

American  Journal  of  Opthalmology 

Sensitivity  of  Illumination  Scale  for 
Determining  Exact  Amount  and 
Placement  of  Correction  for  As- 
tigmatism— 

American  Journal  of  Physiological  Optice 

Infra-red     Radiant     Energy     and     the 

Eye — 
The  Enigma  of  Color  Vision — II. — 
The  Power  of  a  Spectacle  Lens — 

Annalen  der  Physik 

Grundlinien  einer  Theorie  der  Farben- 
metrik  im  Tagessehen — 

Central  Station 

Studies    in    the    Applied     Science     of 

Light— 
The     Manufacturer     of     the     Mazda 

Lamp — 
Lighting  Evolution — 

Electrical  Contractor-Dealer 

The  New  Era  in  Lighting — 

Electrical  News 

Let  There  be  Light — 
Electrical  Review  (London) 

Shop  Lighting — 

Messrs.  Pope's  Lamp  Works — 

The  Lighting  of  ^Machine  Shops — 


J.  E.  Bullard 
News  Item 


DATE 

Jan.     1 
Jan.     I 


C.  E.  Ferree  and 
G.  Rand 


Jan. 


M.  Luckiesh  Jan. 

Leonard  T.  Troland      Jan. 
A.  Estelle  Glancy  Jan. 


PAGE 


21 


22 


3 
23 
71 


Erwin  Schrodinger      Nov.  16        481 


E.  L.  Elliott 

Jan. 

193 

Henry  Schroeder 

Jan. 

196 

Editorial 

Jan. 

203 

R.  W.  Shenton 

Feb. 

145 

A.  J.  Hahan 

Jan. 

I 

48 

E.  Austin 

Dec. 

3 

729 

Dec. 

10 

743 

F.   J.   Moffett 

Dec. 

24 

826 
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Electrical  Review  (U.  S.) 

Illumination  of  Outdoor  Sports — 
Decorative  Home  Lighting  Offers  Lu- 
crative Field — 
Lighting   Fixture   Industry   Ready   for 
Buffalo  Convention — 

Electrical  Times 

Longitudinal  Lighting  for  Streets — 
Lighting  Specification  of  the  Future — 

Electrical  V/orld 

Factory  Lighting  Unit  with  Pull  Switch 
Mounted  on  Shade — 

Electrician 

High  Current  Arcs   (Note)  — 

The     Manipulation     of      Searchlights 

(Note)  — 
The  Lighting  of  Covered  Lawn  Tennis 

Courts- 
Progress  in  Lighting — 
Elektrotechnische  Zeitschrift 

Beleuchtung  von  Hallen  durch  Tief- 
strahler — 

Engineering  Index 

Arc  vs.  Incandescent  Lamps  (Bulletin 
mensued  de  la  Societe  beige  des 
Electriciens,  Vol.  34,  No.  4,  Aug., 
1920,  p.  157)  — 

Miners'  Lamps  Committee  (Iron  and 
Coal  Trades  Rev.,  Vol.  loi,  No. 
2742,  Sept.  17,  1920,  p.  365)  — 

Furniture  "Worker 

Illumination   of   Furniture    Stores   and 
Their  Show  Windows- 
Gas  Industry 

Gas  Illumination — 
Gas  Journal 

Dazzling  Lights   or  Utility?— 
Gas  Record 

A  School  Lighting  Problem- 
Light  the  Civilizer— 
Is  Lighting  Worth  Keeping?— 


R.  E.  Harrington 
Frank  H.  Miller 


Editorial 


M.  H.  Dupont 


Jan. 

15 

85 

Jan. 

15 

91 

Jan. 

15 

95 

Dec. 

2 

427 

Dec. 

30 

507 

Jan. 

8 

98 

Dec. 

17 

702 

Dec. 

17 

703 

Dec. 

17 

721 

Dec. 

31 

3 

Nov.  iS        917 


Dec. 


Dec. 


W.  H.  Rademacher      Nov. 


Walter  F.  Norton 
J.   Carroll  Aaron 


i8a 


402 


Jan. 

4 

Dec. 

I 

507 

Mar. 

ID 

39 

Aug. 

25 

24 

Jan. 

12 

45 
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General  Electric  Review 

Ship  Lighting — 

Merchant  Marine  Searchlights — 

Some  Developments,  including  Light- 
ing, in  the  Electrical  Industry  Dur- 
ing 1920 — 

Commercial  Photometry — IL — 

Helios 

Die    neueren     Fortschritte    der    Kine- 
matographie — 
Illuminating  Engineer  (London) 

Lighting    in    Relation    to    Health    and 

Safety- 
Illumination   and   Output   in   the    Silk- 
Weaving  Industrj- — 

Scientific  and  Industrial  Research — 

Output  by  Natural  and  Artificial  Light 
in  the  Silk  Industry — 

Department   for    Scientific   and   Indus- 
trial    Research :      Report     of     the 
Committee    of    the    Privy    Council 
for  1919-20 — 
Journal  of  the  Optical  Society  of  America 

A  New  Study  of  the  Leucoscope  and 
its  Application  to  Pjrometrj- — 

Note    on    a    New    Method    of    Joining 
Glass — 
Monthly  Weather  Review 

The  Light  from  the  Sky — 
Psychological  Review 

The  Physical  Measurement  and  Speci- 
fication of  Color — 

Photo-Electric  Currents  in  the  Eye — 

Revue  Generale  de  L'EIectricite 

Eclairage  et  demarrage  electrique  dans 
les  voitures  automobiles — 

Science 

The  Organization  of  Research — 
Science  Abstracts  "A" 

A  Photometer  without  Diffusing  Screen 
(from  J.  de  Phys.  et  le  Radium,  I, 
p.  25,  July,  1920)  — 


R.  W.  Pcden 

Feb. 

198 

G.  E.  Young 

Feb. 

203 

John  Listen 

Jan. 

4 

A.  L.  Powell 

and 

J.  A.   Summers 

Jan. 

50 

H.  Joachim 

Nov.     7 

405 

Editorial 
Editorial 


Sept. 

Sept. 
Sept. 

Sept. 


Sept. 


241 

243 
244 

245 


Irwin 

G.  Priest 

Nov. 

448 

C.  0. 

Fairchild 

Nov. 

496 

E.  W. 

Woolard 

Oct. 

600 

Lloyd  A.  Jones  and 

Prentice  Reeves  Nov.  453 

Charles  Sheard  Jan.  84 


J.  de  Lagarrigue  Dec.    4        816 

William  M.  Wheeler    Jan.  21  53 


H.  Buisson  and 
C.  Fabry 


>^^ov.  30        557 
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Brightness  of  the  Unclouded  Sky 
(from  Siichs.  Akad.  Wiss.  Abhandl., 
Math.  Phys.  Klasse,  35,  p.  219, 
1918;  Zeits.  Instr.,  40,  p.  27,  Jan., 
1920) — 

Stefan-Bohzmann  Constant  (Accad. 
Lincei,  Atti,  28,  p.  Ti,  1920)  — 

Stefan-Bohzmann  Constant  (Zeits.  f. 
Physik,  2,  I,  p.  76,  1920)  — 

Scientific  American  Monthly 

Daylight  Bioscope  Performances — 
Technical  Review 

Searchlights  for  Military  Uses  (Jour- 
nal of  the  U.  S.  Artillery,  Oct., 
1920) — 
"Aski"  Light  for  Cinematographs  (Das 
Echo,  Deutsche  Export  Revue, 
Sept.  30,  1920)  — 

Zeitschrift  fiir  Beleuchtungswesen 

Deutsche    Beleuchtungstechnische    Ge- 

sellschaf  t :  7.  Jahresversammlung — 
Die  ertrJiglichen  Helligkeitsunterschiede 

auf  beleuchteten  Flachen — 
Der    Lichtstrombegrift  und   seine   An- 

wendungen — 
Photometrische   Einhelten — 
Zeitschrift  fur  Instrumentenkunde 

Automatische     Quecksilberpumpe      fiir 

hohes    Vakuum    mit    Auffangevor- 

richtung     fiir     die     ausgepumpten 

Gase    (Chemiker-Ztg.,    43,    s.    705, 

1919)  — 

Zeitschrift  fiir  Physik 

Uber  die  Einwirkung  des  Lichtes  auf 
Bromsilber — 


M.  Uibe 

Nov.  30 

557 

M.  Kahanowicz 

Nov.  30 

576 

W.  Gerlach 

Nov.  30 

575 

Jan. 

87 

M.  L.  Patterson 


Dec.  14 


Dec.  21 


A.  Beutell  and 
P.  Oberhoffer 


Oct. 


339 


397 


Oct. 

127 

[.  Lux 

Oct. 

128 

'.  A.  Halbertsma 

Oct. 

132 

Oct. 

135 

Walter  Ehlers  and 

Peter  P.  Koch    Bd.  IH,  Heft  3 


203 


169 
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BENEFITS  DERIVED  FROM  RESEARCH. 


In  order  to  carry  out  the  function  of  stimulating  industries  to 
conduct  research  work,  the  regular  meeting  of  the  Division  of 
Engineering  of  the  National  Research  Council,  Friday  evening, 
February  4,  1921,  in  New  York  City,  was  largely  given  over  to 
two  speakers,  Dr.  Charles  L.  Reese,  Chemical  Director  of  E.  I. 
du  Pont  de  Nemours  and  Company,  and  Mr.  A.  J.  Wadhams, 
General  Superintendent  of  the  International  Nickel  Company, 
Orford  Works. 

Dr.  Reese  brought  out  very  strikingly  the  enormous  advantages 
derived  by  his  company  from  research  work.  The  benefits  from 
one  research  alone  were  more  than  sufficient  to  pay  the  expenses 
of  the  Research  Laboratory  for  a  number  of  years.  Aside  from 
monetary  gains  Dr.  Reese  pointed  out  that  the  research  work  of 
his  company  (a)  resulted  in  increased  safety  of  employees,  (b) 
enabled  the  company  to  keep  ahead  of  the  art,  (c)  reduced  selling 
prices  of  established  products  in  spite  of  increased  cost  of  labor 
and  raw  materials,  (d)  increased  output,  (e)  discovered  new 
products,  the  benefits  of  which  often  added  to  the  safety,  com- 
fort and  happiness  of  the  people  of  the  country,  (f)  conserved 
materials,  (g)  advanced  the  art  in  a  few  years  equivalent  to 
fifty  years  of  normal  experience.  Disregarding  those  benefits 
which  cannot  be  figured  into  dollars  and  cents,  which  are  ex- 
tremely important,  there  results  to  his  company  in  a  few  years  a 
saving  or  gain  of  $S4,40i,(X)0  against  an  expenditure  of  $6,051,000 
for  research  work  during  this  period.  (A  profit  of  several  times 
the  gain  quoted  will  eventually  result  from  continued  manufacture 
of  these  products  without  additional  expense  for  research  work.) 

Mr.  Wadhams  talked  on  research  work  from  an  operating 
man's  point  of  view.  He  pointed  out  the  difficulties  of  the  re- 
search man  in  the  factory  where  all  sorts  of  "hurdles"  were 
placed  for  him  to  jump.  In  spite  of  these  difficulties,  the  research 
man  is  slov/ly  convincing  the  practical  foreman  and  superintend- 
ent of  the  value  of  his  v.ork  by  reduced  costs,  increased  outputs, 
and  improvement  of  quality.  His  mission  of  education  is  not 
limited  to  this  task,  however,  as  in  a  great  many  cases  it  is  just 
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as  hard  to  capitalize  the  research  laboratory  in  the  eyes  of  the 
Board  of  Directors  and  convince  them  of  the  benefits  derived 
therefrom. 

At  future  meetings  of  the  Division  speakers  from  other  in- 
dustries will  deal  with  the  general  subject  of  the  benefits  derived 
from  research  work.  Executives  of  corporations  who  might  ad- 
vantageously be  interested  to  follow  these  worthy  examples,  will 
be  invited  to  attend  these  meetings. 


SYSTEMS  OF  COLOR  STANDARDS. 


A  paper  dealing  with  various  systems  of  color  standards  which 
consist  of  colored  cards  was  presented  by  Prof.  A.  Ames,  Jr., 
before  the  Optical  Society  of  America,  December,  1920.  Five 
requisites  which  a  standard  of  this  kind  must  satisfy  were  given. 
They  are  (i)  arrangement,  (2)  nomenclature  or  notation,  (3) 
ntunber  of  cards,  (4)  spacing,  (5)  standardization. 

( 1 )  The  arrangement  must  be  such  that  it  is  as  easy  as  possible 
to  find  any  desired  color  in  the  standard.  The  relative  position  of 
colors  to  one  another  was  most  clearly  presented  by  Munsell. 
The  best  arrangement  for  a  standard  where  the  colors  must  be 
on  a  two  dimensional  surface,  that  is,  a  page,  is  to  have  all  colors 
of  the  same  hue  on  one  page,  different  horizontal  line  designating 
differences  in  value  and  different  vertical  lines  designating  differ- 
ences in  hue. 

(2)  The  nomenclature  should  be  as  simple  as  possible,  should 
call  to  mind  a  particular  color  and  only  that  color  and  should 
designate  its  position  in  the  standard.  Munsell's  notation  is  be- 
lieved to  be  the  best  with  suggested  improvements  for  the  desig- 
nation of  hues. 

(3)  The  number  of  cards  should  be  sufficient  so  that  the  color 
of  any  object  can  be  closely  matched. 

(4)  The  spacing  between  the  cards  should  be  the  same  in  all 
parts  of  the  standard.  It  should  be  based  on  the  least  perceptible 
differences.  The  differences  between  the  cards  should  preferably 
be  two  least  perceptible  differences. 
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(5)  Standardization.  The  color  of  every  card  should  be  ac- 
curately determined  by  colorimeter  and  spectral  curve  measure- 
ments. Every  effort  should  be  made  to  have  the  standard  uni- 
versally accepted  so  that  a  particular  color  would  mean  the  same 
thing  to  all  peoples  at  all  times.  This  could  be  best  accomplished 
by  having  the  Bureau  of  Standards  supervise  the  work  and  give  it 
governmental  approval. 

Ridgway's,  Munsell's,  and  a  standard  gotten  out  by  the  writer 
and  his  sister,  Mrs.  Oakes  Ames,  were  considered  in  the  paper  in 
view  of  these  five  requirements. 

Ridgway's  standard,  which  is  considered  the  best  on  the  market 
and  believed  to  be  the  one  most  used,  fails  to  satisfy  the  first  four 
of  the  requirements.  It  satisfies  the  fifth  better  than  any  other 
standard,  but  could  be  improved  upon  in  this  particular. 

Munsell's  work,  it  is  believed,  was  gotten  out  primarily  as  a 
color  atlas  and  notation  and  not  as  a  standard  to  meet  the  require- 
ments above  mentioned.  It  however  satisfies  the  requisites  for 
arrangement  and  notation  subject  to  slight  improvements.  The 
last  three  requisites  it  does  not  satisfy. 

The  Ames'  standard  which  consists  of  27  pages  combining  in 
all  about  3,300  colors  satisfies,  subject  to  some  marked  improve- 
ments, the  requisites  of  arrangement  and  notation  which  in  gen- 
eral follow  Munsell.  Its  large  number  of  different  colors  causes 
it  to  meet  more  nearly  the  requisite  for  number  than  any  other 
knov.-n  standard,  though  a  perfect  standard  should  contain  many 
more  colors.  The  fourth  requisite  it  satisfies  poorly  and  the  fifth 
not  at  all. 

Before  a  perfect  standard  can  be  gotten  out  further  determi- 
nations of  least  perceptible  differences  in  hue  (wave  length)  and 
chroma  (saturation)  will  have  to  be  made  as  there  is  not  at  pres- 
ent sufficient  data  on  these  differences  to  determine  accurately  the 
proper  spacing  between  the  colors. 

The  great  necessity  for  a  perfect  color  standard  is  pointed  out 
and  it  is  urged  that  immediate  steps  be  taken  to  carry  the  work 
through. 
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DIFFUSION  OF  LIGHT  FROM  A  SEARCHLAMP  BEAM. 


In  a  paper  presented  by  Messrs.  Enoch  Karrer  and  U.  M.  Smith, 
before  the  Optical  Society  of  America,  which  will  be  published  among 
the  scientific  papers  of  the  Bureau  of  Standards,  some  general  considera- 
tions were  given  of  the  importance  of  the  diffusion  of  the  light  from  the 
searchlamp  beam,  and  the  various  types  of  diffusion  and  the  general  char- 
acteristics of  diffused  light  were  discussed. 

The  distribution  of  brightness  of  the  diffused  light  along  the  path  of 
the  searchlight  beam  was  given  and  the  amount  of  polarized  light  in  this 
diffused  light  was  also  recorded.  Some  data  were  given  to  show  the 
effect  of  color  of  the  searchlamp  beam  and  the  effect  of  the  diffused  light 
on  the  visibility  of  targets  to  an  observer  at  various  distances  from  the 
searchlamps.  It  was  pointed  out  how  this  diffused  light  limits  the  visi- 
bility and  the  range  of  searchlamps.  The  effects  of  eliminating  the  polar- 
ized component  of  the. diffused  light  are  shown  not  to  increase  the  visi- 
bility but  rather  to  decrease  the  visibility  of  targets  illuminated  by  the 
beam.  A  comparison  was  made  of  the  data  on  the  brightness  of  the  path 
of  the  beam  with  those  that  may  be  expected  from  the  simple  theory  of 
diffusion.  In  very  oblique  directions  the  amount  of  diffused  light  is  far 
.greater  than  the  simple  theory  would  indicate.  Mention  w^as  made  also 
of  the  very  striking  phenomena  of  the  ending  of  the  beam  and  of  the 
apparent  curving  of  the  beam.  The  author  shovvcd  how  the  data  on  the 
diffused  light  in  the  searchlamp  beam  may  be  of  assistance  in  the  inter- 
pretation of  certain  astrophysical  phenomena  where  it  is  known  or 
believed  that  diffusion  of  light  is  of  importance.  Such  phenomena  are 
found  in  the  luminosity  of  the  tails  of  comets  and  in  the  sharp  outline  of 
the  solar  disk. 
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SECTION  ACTIVITIES. 

NEW  ENGLAND. 
Meeting — March,  1921. 

On  March  15,  at  the  Engineers'  Club, 
Boston,  a  joint  meeting  of  the  Boston 
Section  A.  I.  E.  E.  and  the  New  Eng- 
land Section  of  the  I.  E.  S.  was  held. 

The  meeting  was  called  to  order  by 
W.  I.  Middleton,  Chairman  of  the  Bos- 
ton Section  of  the  A.  I.  E.  E. 

Mr.  M.  Luckiesh,  Nela  Park,  Cleve- 
land, was  the  speaker.  His  subject — 
"High  Lights  of  Air  Travel" — was  ex- 
traordinarily interesting.  It  was  accom- 
panied with  over  100  lantern  slides,  most 
of  which  were  devoted  to  clouds,  their 
beauties,  wonders  and  meanings.  For 
two  hours  the  audience  of  150  persons 
was  transported  to  the  aerial  world  and 
witnessed  what  Mr.  Luckiesh  very  prop- 
erly terms  a  "veritable  fairyland." 

At  the  close  of  the  lecture  a  rising 
vote  of  thanks  was  given  Mr.  Luckiesh 
and  the  New  England  Section  of  the 
L  E.  S.  for  the  very  interesting  and 
entertaining  evening. 

CHICAGO. 

Meetings — March,  1921. 

Joint  meetings  of  the  Chicago  Section 
and  the  Society  of  Industrial  Engineers 
were  held  on  the  evenings  of  March  8th 
and  Qth  in  the  Lighting  Demonstration 
Room  of  the  Central  Electric  Company, 
316  South  Wells  Street.  A  lecture  and 
demonstration  was  given  by  Mr.  A.  L. 
Arenberg. 


The  Demonstration  Room  is  the  same 
as  the  N.  E.  L.  A.  is  trying  to  have  in- 
stalled in  the  several  cities. 

Mr.  J.  L.  Stair  opened  the  meeting  on 
Tuesday  as  Chairman,  and  Mr.  E.  D. 
Tillson  on  Wednesday.  The  combined 
attendance  of  these  two  meetings  was 
the  largest  of  any  we  have  yet  had. 
There  was  an  attendance  of  50  people 
on  March  8th,  of  whom  22  were  mem- 
bers, and  on  March  9th  there  was  an 
attendance  of  60,  of  whom  20  were 
members. 

PHILADELPHIA. 
Meeting — March,  1921. 

The  monthly  meeting  of  the  Philadel- 
phia Section  was  held  in  the  Engineers' 
Club,  131 7  Spruce  Street,  on  March  18, 
1921,  at  8:00  p.  M. 

The  elementary  talk  on  lighting  fun- 
damentals was  given  by  Dr.  G.  S. 
Crampton  on  "The  Structure  of  the  Eye 
and  the  Fundamentals  of  Vision."  In 
addition  to  describing  the  construction 
and  functions  of  the  various  parts  of 
the  eye  and  illustrating  the  points  with 
lantern  slides.  Dr.  Crampton  outlined 
and  answered  questions  concerning  de- 
fects, tests,  and  operations. 

The  main  paper  was  "Polarization 
Method  of  Measuring  Glare  from  Paper 
and  Other  Surfaces,"  by  Dr.  L.  R.  Inger- 
soll,  of  the  University  of  Wisconsin. 
One  type  of  glare  is  that  caused  by  the 
light,  directly  or  specularly  reflected 
from  a  surface,  which  dazzles  and  im- 
pairs vision  and  may  even  work  injury 
to  the  eyesight.     Dr.  Ingersoll,  who  has 
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developed  the  glarimeter  for  the  purpose 
of  measuring  glare,  demonstrated  this 
instrument  at  the  meeting.  Looking 
through  the  lens,  one  is  able  to  measure 
the  gloss  from  the  surface  of  the  paper 
or  other  article  to  be  observed.  In  prac- 
tice this  instrument  enables  the  buyer 
to  specify,  for  example,  the  paper  he 
wishes,  and  the  manufacturer,  to  deliver 
what  is  specified.  The  demonstration 
was  most  interesting. 

Dr.  IngersoU  explained  that  his  inves- 
tigation of  this  subject  has  been  stimu- 
lated by  the  attention  paid  it  by  the 
Illuminating  Engineering  Society,  and 
suggested  that  the  Society  continue  this 
interest. 

Thirty-six  persons  were  present  at  the 
meeting,  and  25  at  the  dinner  preceding 
the  meeting. 

CLEVELAND. 
Meetings — March  and  April,  1921. 

The  first  open  meeting  of  the  recently 
organized  Cleveland  Chapter,  I.  E.  S., 
was  held  in  the  rooms  of  the  Electrical 
League  on  the  evening  of  March  3d. 
About  150  persons  were  present.  The 
speaker  of  the  evening,  Mr.  M.  Luckiesh, 
Director  of  Applied  Science,  Nela  Re- 
search Laboratories,  gave  a  very  inter- 
esting lecture  on  "Artificial  Light,  Its 
Influence  upon  Civilization."  The  lec- 
ture, which  was  illustrated  with  slides 
and  historical  lamps,  was  followed  with 
great  interest  by  the  large  audience. 

After  the  lecture  a  short  film 
"Through  Life's  Windows/'  illustrating 
the  optical  principles  of  the  eye,  was 
shown. 

An  interesting  series  of  four  lectures, 
of  which  this  was  the  first,  has  been 
arranged  for  this  spring. 

The  Cleveland  Chapter,  at  its  regular 
meeting  on  April  7,  was  very  fortunate 
to  have  as  its  speaker  Mr.  J.  E.  Randall, 
consulting     engineer    of     the     National 


Lamp  Works,  the  subject  of  his  address 
being  "Lighting  Abroad."  Among  other 
things,  Mr.  Randall  discussed  the  light- 
ing of  theatres,  hotels,  stores,  streets 
and  railway  trains  in  England,  France 
and  Germany.  In  the  matter  of  sign- 
lighting  he  stated  that  there  is  nothing 
abroad  to  compare  with  such  lighting 
as  the  "great  white  way"  in  New  York. 
Messrs.  Beman,  Anderson,  Sturrock 
and  Sawyer  discussed  Mr.  Randall's 
paper.  At  the  close  of  the  discussion 
Mr.  Swindell  gave  a  demonstration  of 
show-window  lighting  in  a  model  show 
window  set  up  in  the  rooms  of  the  Elec- 
trical League.  Some  beautiful  color 
effects  were  shown.  About  fifty  per- 
sons were  present. 

SAN  FRANCISCO  BAY  CITIES. 
Meeting — March,  1921. 

At  the  meeting  of  the  San  Francisco 
Bay  Cities  Chapter  held  in  the  Engineer- 
ing Building,  University  of  California, 
Berkeley,  on  March  23d,  the  following 
program  was  given :  a  talk  on  "Auto- 
mobile Headlight  Lens  Testing,"  by 
Benedict  F.  Raber,  Professor  of  Me- 
chanical Engineering,  University  of 
California;  a  demonstration  of  headlight 
lens  testing,  by  Mr.  Boelter,  University 
of  California ;  and  a  paper  on  "The 
Milo-Lite  Method  of  Glare  Prevention," 
by  Milo  C.  Caughrean. 

NEW  YORK. 
Meeting — March,  1921. 

The  "Lighting  of  Common  Carriers" 
was  the  subject  discussed  at  the  March 
loth  meeting  of  the  New  York  Section. 
Mr.  G.  E.  Hulse  read  a  paper  entitled 
"Lighting  of  Railway  Coaches."  He 
enumerated  some  of  the  difficulties  to  be 
overcome  and  explained  the  various  sys- 
tems for  lighting  of  different  types  of 
cars,  as  day  coaches,  pullman,  railway 
mail  cars,  etc.     "The  Lighting  of  Elcc- 
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trie  Railway  Cars"  was  the  title  of  a 
paper  by  Mr.  J.  A.  Summers.  He  ex- 
plained the  necessity  of  high  intensity' 
illumination  for  this  type  of  carrier, 
basing  his  assertion  on  the  results  of 
"speed  of  vision"  tests.  A  new  field  in 
illumination  was  introduced  bj'^  Mr.  L. 
C.  Porter  and  Mr.  R.  W.  Jordan  in  a 
paper  entitled  "Lighting  of  Jitney  or 
Motor  Buses."  The  subject  was  very 
thoroughly  covered  and  it  was  surpris- 
ing to  learn  how  much  there  is  to  what 
is  apparently  such  a  simple  problem. 


NEWS  ITEMS. 

Mr.  Clarence  J.  Berry,  33,  Rue  Vital, 
Paris,  France,  writes  that  he  has  gone 
into  business  for  himself,  specializing 
in  illuminating  engineering  work  in 
France  and  other  European  countries. 
Mr.  Berry  was  formerly  with  the  firm 
of  Brandt  &  Fouilleret,  23-31,  rue  Cav- 
endish, Paris,  and  before  going  to 
France  was  with  the  National  Lamp 
Works,  Cleveland,  Ohio. 

Mr.  Samuel  G.  Hibben  has  recently 
delivered  several  lectures  in  the  inter- 
ests of  the  educational  work  of  the 
L  E.  S.,  chief  of  which  v;ere  talks  before 
the  N.  Y.  State  Association  of  Con- 
tractors and  Dealers,  Albany,  N.  Y.,  the 
Fifth  Industrial  Safety  Congress,  Sj'ra- 
cuse,  N.  Y.,  the  New  Jersey  State  Asso- 
ciation of  Electrical  Contractors,  Tren- 
ton, N.  J.,  and  the  Stevens  Institute  of 
Technology.  In  cooperation  with  the 
N.  E.  L.  A.,  !Mr.  Hibben  installed  and 
demonstrated  an  exhibit  of  Industrial 
Lighting  at  Buffalo,  N.  Y.,  during  the 
week  of  Februar\'  14th  and  has  given 
several  demonstrations  of  other  exhibits, 
such  as  those  in  New  York  City  and 
Pittsburgh,  Pa.  A  special  lecture  was 
given  to  the  Chamber  of  Commerce  at 
Pittsburgh,   Pa.,   on   March   i8th   and   a 


lecture  on  the  advantages  of  good  light- 
ing was  given  to  both  the  Rotary  Club 
of  Allentown  and  to  the  meeting  of 
Electrical  Contractors,  Jobbers  and 
Agents  in  Rochester,  N.  Y. 

NAMES  SUGGESTED  TO  REPLACE 

LIGHTING  UNITS. 
The  following  terms  have  been  sug- 
gested to  the  Committee  on  Nomen- 
clature and  Standards  as  suitable  desig- 
nations of  "lighting  fixture."  The  Com- 
mittee is  desirous  of  getting  other  sug- 
gestions and  discussion  or  comment  on 
those  that  have  been  put  forward.  Com- 
munications may  be  addressed  to  the 
Secretary  of  the  Committee,  Dr.  Clay- 
ton H.  Sharp,  8oth  Street  and  East  End 
Avenue,  New  York,  N.  Y. 

Illuminator 

Luminaire 

Luminaria 

Luminure 

Lumiport 

Lumiduct 

Luminor 

Furnilume 

Lighture 

Fixtable 

Fixable 

DEFINITION    WANTED    FOR    CENTER 
OF   LIGHT   SOURCES   FOR   PHOTO- 
METRIC PURPOSES. 

It  has  been  proposed  that  the  Com- 
mittee on  Nomenclature  and  Standards 
prepare  definitions  of  the  following 
quantities  in  connection  with  the  pho- 
tometrv'  of  lamps  with  reflectors : 

I.  What  shall  be  taken  as  the  center  of 
radiation  of  the  unit :  It  might  be 
the  geometrical  center  of  the  fila- 
ment ;  the  geometrical  center  of 
the  bulb;  or  the  center  of  curva- 
ture of  the  mirror  in  the  case  of 
a  parabolic  reflector. 
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2.  At  what  distance  from  the  center  of 

radiation  shall  the  photometer  be 
placed  for  (a)  an  ordinary  light- 
ing unit  consisting  of  a  lamp  and 
shade,  reflector  or  globe;  (b) 
headlamps  of  the  automobile  and 
locomotive  types;  (c)  flood-light- 
ing units;   (d)  searchlighting  units. 

3.  Apparent  candlepower. 

In  connection  with  the  subject  of  illu- 
mination the  point  in  the  unit  to  which 
the  mounting  height  is  measured  should 
also  be  defined. 

Communications  are  requested  from 
interested  parties  covering  these  ques- 
tions, such  communications  to  be  sent  to 
the  Secretary  of  the  Committee  on 
Nomenclature  and  Standards,  29  West 
39th  St.,  New  York. 

THE  ILLUMINATING  ENGINEERS 
SHOULD  NOT  MOVE. 

When  in  the  winter  of  1903  the  late 
Andrew  Carnegie  made  his  generous 
contribution  for  the  erection  of  the 
Engineering  Societies  Building  and  the 
Engineers  Club  in  New  York  City,  the 
assumption  was  that  the  former  edifice 
would  be  a  temple  of  engineering  to 
which  all  engineers  might  come.  This 
it  has  been,  to  the  gratification  and  con- 
venience of  the  engineering  profession. 
Now,  however,  for  some  reason  by  no 
means  impossible  to  overcome,  the 
Illuminating  Engineering  Society,  small 
in  numbers  but  not  in  accomplishments, 
is  faced  with  the  necessity  of  finding 
quarters  elsewhere.  This  it  can  doubt- 
less do  without  great  sacrifice  or  cost, 
but  this  it  ought  not  to  be  permitted  to 
do.  The  building  on  West  Thirty-ninth 
Street  was  erected  for  just  such  national 
technical  societies,  and  certainly  what 
little  room  the  Illuminating  Engineering 
Society  requires  can  yet  be  found  in  it. 
Nor  should  the  illuminating  engineers 
be   stuck   in   an   out-of-the-way   corner. 


They  are  the  exponents  of  light,  not 
darkness ;  and  while  they  possess  the 
skill  to  turn  darkness  into  light,  we  pre- 
sume they  prefer  natural  illumination. 
If  the  United  Engineering  Society  and 
the  illuminating  engineers  will  reason 
this  thing  out  together,  we  are  sure 
there  will  be  no  occasion  for  parting. — 
Editorial  in  the  Electrical  World,  April 
9,  1921. 


COUNCIL  NOTES. 

NOMINATIONS. 

At  the  meeting  of  the  Council,  April 
14,  1921,  the  Committee  on  Nominations 
reported    the    following    nominees    for 
officers  of  the  Illuminating  Engineering 
Society  for  the  ensuing  year : 
For  President — Dr.  George  S.  Cramp- 
ton,  Philadelphia. 
For  Vice-President — Mr.  F.  M.  Feiker, 

New  York. 
For    Treasurer — Mr.     L.    B.    Marks, 

New  York. 
For  Secretary — Mr.  Clarence  L.  Law, 

New  York. 
For  Director — Mr.  A.  D.  Curtis,  Chi- 
cago. 
For  Director— Mr.  P.  S.  Millar,  New 

York. 
For   Director— Prof.    F.   C.    Caldwell, 
Columbus. 

REMOVABLE  FIXTURES. 

At  the  meeting  of  the  Council  held 
on  March  10,  1921,  the  following  reso- 
lution was  adopted : 

Whereas,  In  the  opinion  of  the  Coun- 
cil of  the  Illuminating  Engineering  So- 
city  the  project  for  rendering  lighting 
fixtures  readily  removable  by  the  em- 
ployment of  suitable  electric  attachments 
as  discussed  at  the  January  meeting  of 
the  New  York  Section  of  this  Society, 
offers  potentiality  of  large  improvement 
in  lighting  conditions,  and 
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Whereas,  Realization  of  the  potential 
value  of  this  project  is  contingent  upon 
such  standardization  as  will  make  the 
electric  attachments  of  fixtures  com- 
pletely interchangeable,  and 

Where.\s,  Failure  to  so  standardize 
attachments  would  jeopardize  the  suc- 
cess of  the  project  entailing  untold  in- 
convenience and  confusion  to  the  public, 
be  it  therefore 

Resolved,  That  in  the  best  interest  of 
the  public  and  of  the  lighting  industry 
the  Council  hereby  respectfully  urge  all 
concerned  to  cooperate  to  the  fullest  ex- 
tent in  bringing  about  complete  inter- 
changeability  of  removable  lighting 
fixtures. 

KESIDENCE  LIGHTING  BULLETINS. 

At  the  April  meeting  of  the  Council 
it  was  decided  to  take  the  necessary 
steps  to  constitute  a  committee  to  be 
responsible  for  the  preparation  of  manu- 
script of  a  bulletin  on  "Residence  Light- 
ing by  Electricit>-"  and  a  corresponding 
bulletin  on  "Residence  Lighting  by  Gas." 
The  personnel  of  this  committee  is  to 
include  representatives  of  the  following 
interests : 

Accessor}-  manufacturers 

Architects 

Central   stations    (electric  and  gas) 

Consulting  engineers 

Contractors 

Decorators 

Fixture  manufacturers 

Lamp   manufacturers    (electric   and 
gas) 

Oculists. 
If  this  bulletin  attains  success,  it  is  to 
be  made  the  precursor  of  others  to  be 
prepared  by  committees  constituted   for 
the  purpose. 

The  plan  of  action  contemplates  pro- 
vision by  a  committee  constituted  as 
above  for  the  preparation  of  these  two 
manuscripts   by   smaller   sub-committees 


working  either  separately  or  jointly  as 
may  be  desired,  the  responsibility  for 
the  plan,  scope  and  final  form  of  the 
bulletins  to  be  assumed  by  the  commit- 
tee. Publication  is  of  course  under  the 
Constitution  to  be  subject  to  the  ap- 
proval of  the  Committee  on  Papers  and 
in  the  hands  of  the  Committee  on  Edit- 
ing and  Publication. 

NEW  MEMBERS. 
Eighteen  Sustaining  Members. 
George  Ainsvvorth, 
576  Fifth  Ave., 
New  York,  N.  Y. 
Bayley  &  Sons,  Inc., 
105  Vanderveer  St., 
Brooklyn,  N.  Y. 
Bausch  &  Lome  Optical  Co., 
635  St.  Paul  St., 
Rochester,  N.  Y, 
Beardslee  Chandeuer  AIfg.  Co., 
216  S.  Jefferson  St., 
Chicago,  111. 
Thomas  Day  Co., 
725  Mission  St., 
San  Francisco,  Cal. 
Duplex  Lighting  Works  of  General 
Electric  Co., 
6  W.  48th  St., 
New  York,  N.  Y. 

East  Side  Metal  Spinning  Co., 
451  Greenwich  St., 
New  York,  N.  Y. 

Electric  Outlet  Co.,  InCi 
119  W.  40th  St., 
New  York,  N.  Y. 
Gill  Brothers  Co., 

7th  and  Franklin  Sts., 
Steubenville,  Ohio. 
Robert  Findlay  Mfg.  Co., 
224  Fifth  Ave., 
New  York,  N.  Y. 

Oscar  O.  Friedlaender,  Inc., 
40  ^Murray  St., 
New  York,  N.  Y. 
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Gleason-Tiebout  Geass  Co., 
99  Commercial  St., 
Brooklyn,  N.  Y. 
The  Horn  &  Brannen  Mfg.  Co.,  Inc., 
427  N.  Broad  St., 
Philadelphia,  Pa. 
Mutual  Lamp  Meg.  Co., 
21  E.  Houston  St., 
New  York,  N.  Y. 
Shapiro  &  Aronson,  Inc., 
20  Warren  St., 
New  York,  N.  Y. 
Sterling  Bronze  Co. 
201  E.  i2th  St., 
New  York,  N.  Y. 
United  States  Glass  Co., 
9th  and  Bingham  Sts., 
Pittsburgh,  Pa. 

Wahle  &  Francois, 
201  E.  i2th  St., 
New  York,  N.  Y. 

Three  Members. 

Joseph  F.  Heeeron, 
General  Manager, 
Macbeth-Evans  Glass  Co.,  Ltd., 
160  Bay  St., 
Toronto,  Ontario,  Canada. 

Charles  H.  Hofrichter, 
President, 
The  Crescent  Brass  Pro.  Co., 
8410  Lake  Ave., 
Cleveland,  Ohio. 

Whitman  Symmes, 
President, 
Thomas  Day  Co., 
725  Mission  St., 
San  Francisco,  Cal. 

One  Transfer. 

Dr.  Percival  Dolman, 
Oculist, 

President,  Council  for  Conservation 
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HENRI  PIfiRON  ON  THE  PHYSIOEOGICAL  PRIN- 
CIPLES UNDERLYING  THE  STUDY 
OF  LIGHT. 


BY  LEONARD  THOMPSON   TROLAND.* 


Recent  papers  reveal  in  Henri  Pieron,  present  Director  of  the 
Psycho-physiological  Laboratory  of  the  Sorbonne,  a  very  careful 
student  of  visual  problems.  In  a  two-part  article,  "On  the  Prin- 
ciples Which  Should  Govern  All  Studies  of  Light,"  he  offers  a 
very  comprehensive  and  well  ordered  summary  of  modern  deter- 
minations of  the  relations  between  visual  sensation  and  condi- 
tions of  retinal  stimulation.  This  article  exhibits  a  remarkable 
conversance  with  American  work,  as  well  as  with  French,  and 
even  the  Teutonic  sources  are  not  neglected.  The  available  facts 
are  grouped  so  as  to  support  seven  specific  principles,  from  each 
of  which  practical  consequences  are  deduced  and  all  of  which 
justify  the  single  general  principle  that  light  is  not  an  objective 
or  physical  entity,  but  an  effect  producible  only  through  the  phys- 
iological reactions  of  an  organism.  Original  contributions  of  data 
by  the  author  are  limited  to  the  problem  of  the  laws  of  temporal 
and  spatial  summation  of  liminal  stimuli,  but  the  quality  of  these 
contributions — considered  in  relation  to  the  author's  enthusiastic 
erudition  in  his  subject — offers  hope  of  important  additions  in 
the  future.  Brief  summaries  of  Pieron's  own  work  are  to  be 
found  in  the  Comptes  rendus  of  the  French  Academy  of  Sciences 
and  Society  of  Biology. 

In  his  long  article,  above  mentioned,  Pieron  first  emphasizes 
the  fact  that  light  is  a  sensory  phenomenon,  resulting  from  the 
action  of  certain  physical  forces,  so  that  its  study  demands  a  com- 
bination of  physiological  with  physical  knowledge — a  union  not 
yet  achieved  in  France  where  optics  is  still  the  exclusive  property 
of  the  physicists,  but  attained  to  a  gratifying  degree  in  the  work 
of  American  industrial  research  laboratories.  The  first  of  the 
author's  specific  principles  offered  in  support  of  his  general  thesis, 
states  that  light  depends,  not  upon  the  radiant  energy  impinging 
on  the  cornea,  but  upon  that  which  actually  arrives  at  the  sensi- 

*  Ilnrvjird  UiiivLTsity. 
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tive  elements  of  the  retina.  Factors  which  intervene  between 
these  two  stages  of  the  process  include  pupillary  size,  the  inclina- 
tion of  the  retina  to  the  rays,  selective  absorption  and  fluorescence 
of  the  ocular  media.  The  work  of  Reeves  on  the  pupil  is  re- 
viewed. The  practical  consequences  are  that  in  all  careful  deter- 
minations of  visual  constants,  such  as  the  "minimum  visible," 
pupillary  size  and  the  condition  of  the  ocular  media  in  the  given 
case  must  be  taken  into  consideration.  Use  of  the  artificial  pupil 
and  the  reviewer's  intensity  unit,  the  "photon,"  is  recommended. 
The  second  specific  principle  states  that  the  light  intensity  re- 
sulting from  any  given  stimulus  is  a  complicated  function  of  five 
variables:  (i)  the  total  energy  reaching  the  retinal  receptors,  (2) 
the  space  density,  and  (3)  the  time  density  of  this  energy,  (4)  the 
contingent  retinal  sensitivity,  and  (5)  the  position  of  the  stimulus 
on  the  retinal  field.  The  law  of  Bloch,  which  is  an  application  of 
the  Bunsen-Roscoe  principle  to  the  retinal  process,  indicates  a 
complete  summation  of  stimulation  efiFects  during  short  periods 
of  initial  excitation;  but  for  durations  longer  than  0.1-0.2  seconds, 
the  law  of  Blondel  and  Rey,  it  ^  a  -\-  bt,  is  required,  and  this 
corresponds  to  the  law  of  beginning  nerve  excitation  (Hoorweg- 
Weiss).  However,  studies  by  the  author  and  others  show  that 
with  very  brief  exposures  (less  than  0.002  second)  the  total 
quantity  of  energv^  required  for  threshold  stimulation  increases 
to  a  marked  degree,  so  that  there  is  a  range  of  exposure  times 
(around  0.02  second)  yielding  a  minimum  energv'  threshold. 
These  temporal  laws  var}'  with  the  size  of  the  stimulated  area  as 
well  as  with  color  and  must  be  supplemented  for  long  durations 
by  reverse  principles  corresponding  with  fatigue.  With  refer- 
ence to  retinal  sensitivity,  the  laws  of  dark  adaptation  must  be 
considered.  As  tested  by  the  threshold,  this  process  apparently 
follows  a  "sigmoid"  curve  and  may  result  in  an  increase  of  sensi- 
tivity by  several  thousand  fold.  The  degree  of  adaptation  exerts 
an  influence  upon  the  summation  of  stimuli  within  small  retinal 
areas,  which  according  to  Ricco,  Loser  and  Charpentier  is  verv 
complete  in  the  fovea.  The  work  of  Reeves  and  Piper  indicates 
that  such  summation  is  operative,  but  not  perfect,  over  areas  of 
considerable  size.  This  effect  is  modified  by  the  position  of  the 
stimulus  on  the  retina  as  well  as  by  the  state  of  adaptation;  the 
persistance  of  vision  is  similarly  conditioned.     Dark  adaptation 
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increases  the  differences  between  various  parts  of  the  retina. 
Other  accessory  factors  influencing  the  response  are  contrast, 
binocular  interactions,  and  visual  oscillations.  Among  practical 
consequences  of  these  considerations  are  the  following:  First, 
the  laws  of  spatial  summation  imply  that  the  apparent  brightness 
of  an  object  will  decrease  with  increase  in  its  distance  from  the 
eye,  although  the  retinal  illumination  remains  constant  when  the 
image  is  in  focus  on  the  retina.  Second,  with  reference  to  pho- 
tometry, direct  comparisons  must  be  made  with  small  foveal  fields, 
symmetrically  situated  with  regard  to  the  fixation  point,  with 
exposures  not  greatly  prolonged.  Third,  the  flicker  method  will 
yield  reliable  results  only  under  carefully  standardized  conditions. 
The  third  of  the  author's  principles  states  that  the  intensity  of 
the  light  generated  by  a  mixture  of  radiations  of  different  wave- 
lengths is  a  complicated  function  of  the  relative  energies  of  the 
components  in  the  mixture.  The  author  reviews  American 
work  on  visibility,  with  tables  of  approved  visibility  values  taken 
from  the  present  I.  E.  S.  Transactions.  Unfortunately,  how- 
ever, the  visibility  curve  is  itself  a  function  of  retinal  position, 
state  of  adaptation  and  the  intensity  of  the  radiant  stimulus,  the 
position  of  the  maximum  varying  between  limiting  wave-lengths 
in  the  orange  and  in  the  blue.  (In  this  discussion  the  author  has 
apparently  utilized  data  from  arbitrary  luminosity  curves,  rather 
than  strict  visibility  values.)  The  facts  of  spatial  and  of  tem- 
poral summation  also  vary  with  the  wave-length  of  the  stimulus, 
the  differences  for  various  wave-lengths  depending  in  turn  upon 
the  position  of  the  stimulus  on  the  retina,  etc.  These  influences 
make  themselves  felt  in  the  flicker  photometer  and  other  phe- 
nomena involving  persistence  of  vision.  Consequences  of  these 
considerations  are  found  in  the  Purkinje  and  allied  phenomena. 
Such  variations  in  the  relative  stimulating  powers  of  different 
wave-lengths  throw  doubt  on  the  significance  of  measurements 
made  by  "physical  photometry" — as  developed  by  Blondel — which 
assume  an  invariable  visibility  curve.  Blondel  proposes  to  employ 
different  curves  to  represent  day  and  night  vision,  but  in  fact  an 
infinite  number  are  required.  In  flicker  photometry,  a  serious 
cause  of  error  is  to  be  found  in  changes  in  the  speed  of  alterna- 
tion of  the  compared  stimuli,  which  alters  their  relative  values  on 
account  of  the  differences  in  the  laws  of  growth  of  different  color 
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sensations.  For  similar  reasons,  at  low  intensities  flicker  pho- 
tometry yields  an  under-estimation  of  the  blue  end  of  the  spectrum 
relative  to  the  red  end,  and  the  reverse  at  high  intensities.  In 
calculating  the  minimum  visible  energy,  it  is  necessary  also  to 
take  into  account  the  differences  in  the  laws  of  growth  of  excita- 
tion for  different  wave-lengths,  which  cause  one  to  choose  a 
stimulus  of  490 /n/i  (instead  of  550fi/x,  as  taken  by  Buisson), 
with  an  action  time  of  0.003  second,  a  retinal  image  diameter  of 
I  fi,  located  20°  from  the  fovea. 

The  fourth  principle  formulates  the  so-called  "duplicity"  or 
rod-cone  theory,  stating  that  light  appears  to  be  the  resultant  of 
two  receptor  processes,  having  different  wave-length  response 
curves  (visibility  curves),  and  combining  in  proportions  which 
vary  with  stimulus  intensity,  state  of  adaptation  and  position  on 
the  retina.  The  highly  complex  variations  in  sensitivity  of  the 
retina  with  changing  conditions  can  be  explained  almost  perfectly 
in  terms  of  this  theory,  with  its  two  invariable  component  visi- 
bility curves.  (The  author  has  again  relied  upon  unreduced 
luminosity  data,  when  he  erroneously  places  the  maximum  of  the 
cone  curve  at  600 /i/x).  Explanation  of  the  low  intensity  (rod) 
curve  in  terms  of  the  photo-chemical  reaction  of  the  visual  purple 
appears  to  be  quite  satisfactory,  for  a  wide  variety  of  animal 
species  as  well  as  for  man.  There  is  no  visual  purple  and  no  night 
vision  in  the  fovea,  although  there  is  a  slight  amount  of  dark 
adaptation.  In  night  vision,  an  automatic  change  in  the  fixation 
reflex  throws  the  fixation  point  off  of  the  fovea.  Von  Kries  esti- 
mates that  the  contributions  of  the  rods  and  cones  to  vision  are 
about  equal  at  an  illumination  level  between  i  and  5  meter  candles 
(10.8  to  53.8  foot-candles).  Regional  differences  in  sensitivity 
in  various  states  of  adaptation  are  well  explained  in  terms  of  the 
rod-cone  theory,  although  other  factors  such  as  changes  in  the 
number  of  receptors  connected  with  a  single  nerve  fiber  and  the 
reactions  of  the  mobile  pigment  cells,  must  be  considered,  espe- 
cially in  connection  with  phenomena  of  spatial  summation. 

Pieron's  fifth  specific  principle  concerns  the  phenomenon  of 
color,  which  is  a  specific  process  depending  upon  wave-length  for 
its  "quality"  (hue)  and  upon  numerous  other  factors  for  its 
"intensity"  (saturation).  Color  presupposes  the  existence  of 
luminosity  or  light,  but  interferes  seriously  with  evaluations  of 


48         TRANSACTIONS  I.  E.  S. — PART  I.     VOL.  XVI,  NO.  3,  APRIL  30,  I92I 

the  latter,  as  in  heterochromatic  photometry  by  direct  comparison. 
The  chromatic  response  is  subject  to  hereditary  deficiencies  and 
may  be  partially  or  wholly  inhibited  by  the  action  of  certain 
poisons.  Hue  is  a  continuous  function  of  wave-length.  Satura- 
tion first  increases  and  then  decreases  with  increase  in  the  inten- 
sity of  the  stimulus.  In  general,  the  sensation  of  hueless  light 
is  apprehended  before  that  of  hue  near  threshold  intensities,  the 
magnitude  of  the  "photochromatic  interval"  varying  widely  with 
wave-length  and  retinal  position.  There  are  similar  relations  with 
time,  for  brief  exposures.  These  variations  are  explicable  in 
terms  of  the  rod-cone  theory,  predominance  of  rod  response  being 
unfavorable  to  the  perception  of  hue,  although  there  is  still  a 
slight  photochromatic  interval  even  for  red  in  the  dark  adapted 
fovea.  Among  consequences  of  the  above  facts  are  the  follow- 
ing. In  direct  heterochromatic  comparison,  as  shown  by  the  re- 
viewer, the  brightness  discrimination  threshold  is  an  elliptic  func- 
tion of  the  hue  scale  difference  of  the  compared  colors.  The 
method  of  flicker  minimizes  this  increase,  permitting  five  times 
the  accuracy  of  the  direct  comparison  method.  Broca  and  Polack 
have  stated  certain  rules,  based  upon  the  relative  responses  of  the 
rods  and  cones,  for  determining  the  colors  of  very  faint  stimuli, 
such  as  distant  signal  lights ;  and  also  to  enable  the  color-blind  to 
discriminate  colors  more  successfully.  The  notion  of  distinct 
limiting  fields  for  the  perception  of  different  colors  in  the  retina 
lacks  foundation,  since  the  boundaries  of  these  fields  vary  with  a 
multitude  of  contingent  conditions. 

The  sixth  specific  principle  deals  with  color  mixture,  and  states 
that  in  a  group  of  heterogeneous  radiations,  color  is  a  function  of 
the  relative  intensities  of  the  various  constituents  and  is  com- 
pletely annulled  for  certain  intensity  distributions.  For  many 
combinations  of  wave-lengths  the  resulting  hue  is  that  of  an  inter- 
mediate wave-length,  but  with  certain  critical  combinations 
(complementaries)  the  hue  entirely  disappears.  Hue  acts  like  a 
"salient"  emerging  from  luminosity,  its  "intensity"  (saturation) 
depending  upon  the  relation  between  the  energy  arousing  the 
chromatic  process  and  the  total  energy  arousing  the  luminous  re- 
sponse. The  facts  of  dichromatic  (color-blind)  vision  indicate 
that  the  chromatic  response  can  be  attributed  to  the  action  of 
two   double   processes,  each  of   which   produces   two   colors  by 
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mutually  antagonistic  mechanisms.  Consequences  of  the  above 
considerations  include  the  following.  Chromatic  response  is  a 
secondary,  not  a  fundamental  characteristic  of  vision,  a  fact 
strongly  indicated  by  evolutionary  as  well  as  general  physiological 
data.  The  views  of  Helmholtz  on  the  relations  of  chromatic  and 
achromatic  vision  are  therefore  in  error.  Color  vision  provides  us 
with  a  rough  index  of  the  spectral  constitution  of  visual  stimuli. 

Pieron's  seventh  and  last  principle  affirms  that  in  spite  of  our 
detailed  knowledge  of  the  conditions  controlling  the  visual  process, 
the  magnitude  of  accidental  variations,  between  individuals  and 
in  a  single  individual  from  time  to  time,  makes  it  impossible 
rigorously  to  deduce  the  intensity  of  the  visual  effect  from  the 
given  conditions  of  stimulation.  Only  the  responses  of  the 
average  individual,  an  ideal  being,  can  actually  be  computed. 
There  are  not  only  variations  in  the  forms  of  the  two  component 
visibility  curves,  but  also  in  the  ratio  of  participation  of  the  two 
processes.  The  investigations  of  Crittenden  and  Richtmyer  show 
that  a  considerable  number  of  individuals  are  quite  unfit  for 
heterochromatic  photometry. 

All  of  the  above  principles  show  how  "imprudent"  it  is  to 
include  the  study  of  light  among  the  problems  of  physical  science. 
The  physicist  should  confine  himself  to  the  investigation  of 
radiant  energy,  but  the  psychophysiologist,  whose  function  it  is 
to  study  light  in  itself,  must  not  neglect  to  keep  in  touch  with 
the  findings  of  physics. 

M.  Pieron's  original  researches  in  physiological  optics,  as  indi- 
cated by  the  titles  in  the  appended  bibliography,  have  been  con- 
cerned mainly  with  the  laws  of  temporal  and  spatial  summation 
of  brief  or  faint  visual  stimuli.  His  studies  in  this  field  were 
begun  before  the  war,  by  which  they  were  interrupted,  and  it  is 
indeed  fortunate  in  view  of  their  admirable  method  that  the 
interruption  was  only  temporary.  Some  of  his  most  important 
earlier  w^ork  was  concerned  with  the  psychophysiology  of  memory, 
or  the  phenomena  of  neural  retention,  in  lower  animals  as  well 
as  in  man.  His  conversance  with  physiological  conceptions  and 
methods  is  apparently  on  a  par  with  his  psychological  and  physical 
erudition  and  his  ability  to  handle  all  problems  in  a  clear,  quan- 
titative fashion.  M.  Pieron  is  at  present  editor  of  L'annee 
psychologique. 
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SECTION  ACTIVITIES. 

PHILADELPHIA 
Meeting — April.  1921. 

The  monthly  meeting  of  the  Philadel- 
phia Section  was  held  in  the  Engineers' 
Club,  131 7  Spruce  Street,  on  April  22nd, 
1921,  at  8  :oo.  In  the  absence  of  Chair- 
man C.  E.  Clewell,  Dr.  G.  S.  Crampton 
presided. 

Mr.  Davis  H.  Tuck  of  the  Holophane 
Glass  Company,  in  a  five  minute  talk, 
described  and  exhibited  the  "Light- 
meter." 

The  first  speaker  was  Mr.  Earl  A. 
Anderson  of  the  Engineering  Depart- 
ment, National  Lamp  Works,  Cleveland, 
Ohio,  who  addressed  the  meeting  on  the 
"Fundamentals  of  Illuminating  Engin- 
eering and  Methods  of  Calculation."  This 
talk  was  based  on  Bulletin  41,  Illumina- 
tion Design  Data,  recently  issued  by  the 
National  Lamp  Works.  This  bulletin 
contains  information  to  enable  one  to 
design  a  lighting  system  by  following 
out  some  simple  rules  which  are  given  in 
detail.  Mr.  Anderson's  talk  was  of  great 
interest  to  persons  wishing  to  design 
lighting  systems  without  consulting  ex- 
perts or  making  difficult  observations 
and  calculations. 

The  main  paper  of  the  evening  was 
presented  by  Mr.  J.  L.  Minick,  assistant 
engineer,  Pennsylvania  Railroad,  Al- 
toona,  Pa.,  on  "Developments  in  the 
Lighting  of  Engine  Houses."     Mr.  Min- 


ick explained  how  the  periodic  increases 
in  the  size  of  the  locomotive  had  af- 
fected the  design  of  engine  houses  and 
likewise  of  the  lighting  systems  therein. 
The  atmosphere  in  an  engine  house  con- 
tains so  much  moisture  and  dirt  as  to 
make  the  maintenance  of  the  lamps  a 
most  important  feature.  Lantern  slides 
were  used  effectively  in  the  explanation 
of  these  points. 

At  the  meeting  were  present  thirty- 
nine  persons,  and  at  the  dinner  preced- 
ing the  meeting  twenty  persons. 

CLEVELAND 
Meeting — May,  1921. 

A  very  interesting  and  instructive 
meeting  of  the  Cleveland  Chapter  was 
held  on  May  12,  the  speaker  being  Mr. 
Earl  A.  Anderson  of  the  National  Lamp 
Works.  Mr.  Anderson's  subject  was 
"Fundamentals  of  Light  Control."  By 
the  use  of  many  well-arranged  experi- 
ments and  exhibits  the  speaker  described 
and  illustrated  the  fundamental  prin- 
ciples upon  which  the  modern  systems 
of  light  control  embodied  in  reflectors, 
refractors,  etc.,  are  based.  His  talk 
was  followed  by  an  interesting  discus- 
sion. The  audience,  which  included  rep- 
resentatives from  many  diversified  inter- 
ests, numbered  about  fiftv'. 

This  was  the  third  of  a  series  of  talks 
which  have  been  arranged  by  the  Cleve- 
land Chapter.     They  have  been  planned 
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with  a  view  to  interesting  persons  in 
many  lines  of  work.  All  have  been  well 
attended,  and  it  is  believed  that  plans 
which  are  now  under  consideration  for 
further  meetings  will  materially  add  to 
the  support  which  the  Chapter  is  re- 
ceiving in  Cleveland. 


MIIWATJKEE 
Meeting— May,  1921. 

The  monthly  meeting  of  the  Engineers 
Society  of  Milwaukee  was  held  on  May 
18,  at  the  Milwaukee  Athletic  Club,  un- 
der the  auspices  of  the  Illuminating 
Engineering  Society,  Mr.  F.  A.  Vaughn, 
Local  Representative  of  the  I.  E.  S., 
presiding. 

Mr.  Lionel  Robertson,  Art  Director 
of  the  Tobey  Furniture  Company,  Chi- 
cago, gave  a  demonstration-talk  on  "The 
Lighting  of  the  Home."  He  described 
the  lighting  of  the  home-premises,  start- 
ing on  the  exterior  and  proceeding  up 
the  drive,  through  the  entrance  and  ver- 
anda, to  the  different  rooms  in  the  house, 
describing  each  specifically.  Many  in- 
teresting demonstrations  showing  the  ef- 
fect of  colored  lights  upon  the  hangings, 
wall-paper  and  furnishings  were  given. 
Combinations  of  different  color-schemes 
were  also  illustrated  by  means  of  table- 
lamps,  floor-lamps,  wall-paper  and  fab- 
rics. 

Mr.  Robertson's  cooperation  in  accept- 
ing the  Illuminating  Engineering  So- 
ciety's invitation  to  talk  in  Milwaukee 
was  much  appreciated,  as  was  evidenced 
by  the  intense  interest  maintained  by 
the  audience  and  the  lively  discussion 
which  followed.  Unusual  meetings  of 
this  character  are  far-reaching  in  their 
effect  on  the  public.  Local  architects 
and  contractors  who  wire  and  equip 
homes  with  electric-light  fixtures  were 
invited,  and  an  audience  of  approx- 
imately 150  v/as  present. 


SAN  FRANCISCO  BAY  CITIES 
Meeting — April,  1921. 

A  meeting  of  the  San  Francisco  Bay 
Cities  Chapter  was  held  on  April  22, 
1921,  at  8:00  P.  M.  at  the  Safety  Mu- 
seum, Industrial  Accident  Commission, 
529  Market  Street,  San  Francisco,  Cal- 
ifornia. 

Previous  to  the  meeting  Mr.  H.  H. 
Millar,  Electrical  Testing  Laboratories, 
delivered  the  Industrial  Lighting  Dem- 
onstration Lecture.  After  the  lecture, 
the  meeting  was  called  to  order  by 
Chairman  L.  E.  Voyer,  who  called  upon 
Mr.  J.  R.  Cravath,  consulting  engineer, 
to  talk  upon  "The  Objects  and  Aims  of 
the  I.  E.  S." 

Mr.  Cravath  told  what  the  I.  E.  S.  had 
accomplished  in  the  past  and  what  it  is 
now  trying  to  do,  and  outlined  the 
classes  of  men  who  should  be  members 
of  the  Society.  He  mentioned  the  fact 
that  the  Transactions  alone  are  worth 
more  than  the  dues. 

Mr  Voyer  next  called  on  Mr.  Clark 
Baker,  who  spoke  on  "A  Survey  of  Light- 
ing Conditions  in  Industrial  Plants." 
Mr.  Baker  is  with  the  National  Lamp 
Works  of  the  General  Electric  Company 
and  the  Survey  was  made  for  this  com- 
pany. 

Mr.  Robert  Eltringham,  Manager, 
California  Electrical  Cooperative  Cam- 
paign, discussed  the  Industrial  Lighting 
Demonstration,  calling  attention  to  the 
ease  with  which  a  lighting  installation 
may  be  designed. 

There  was  a  total  attendance  of 
twenty-two,  ten  of  whom  were  guests. 

TORONTO 

Meetings — April  and  May,  1921. 

Members  of  the  Illuminating  Engi- 
neering Society  resident  in  Toronto,  met 
in  the  Club  Rooms  of  the  Toronto 
Hydro-Electric  Club,  April  25,  1921,  for 
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the  purpose  of  forming  a  chapter  of  the 
Illuminating  Engineering  Society  in 
Toronto. 

Mr.  W.  P.  Dobson,  who  presided, 
advised  the  gathering  of  the  objects  of 
the  Society,  and  the  rules  governing  the 
formation  of  a  chapter  of  the  Society, 
where  the  membership  is  not  sufficient 
to  form  a  regular  section. 

The  meeting  decided  to  organize  a 
chapter  as  provided  for  in  the  Consti- 
tution of  the  Illuminating  Engineering 
Society,  to  be  known  as  the  Toronto 
Chapter  of  the  Illuminating  Engineering 
Societ>'..  Officers  and  executive  com- 
mittee were  elected  as  follows :  Pres- 
ident, Mr.  Geo.  Cousins ;  Secretary- 
Treasurer,  Mr.  W.  H.  Woods ;  Prof.  G. 
R.  Anderson,  and  Messrs.  M.  B.  Has- 
tings and  Frank  K.  Groome.. 

Considerable  interest  was  manifested 
at  the  organization  meeting  and  on  Fri- 
day, April  29th,  a  joint  meeting  was  held 
with  the  American  Institute  of  Electrical 
Engineers  at  which  Mr.  D'arcy  Ryan, 
of  the  General  Electric  Company,  de- 
livered an  illustrated  lecture  on  Illum- 
inating Engineering  which  was  attended 
by  approximately  425  people. 

The  Toronto  Chapter  held  its  first 
general  meeting  after  organization  in  the 
assembly  room  of  the  Engineers  Club,  96 
King  St.,  W.,  on  the  evening  of  Wed- 
nesday, May  18.  The  Executive  Com- 
mittee cooperated  in  the  preparation  of 
an  interesting  illustrated  paper  on  "Store 
and  Window  Lighting"  to  be  presented 
by  Mr.  Frank  K.  Groome. 


NEWS  ITEMS. 

At  a  meeting  of  the  Committee  on 
Nomenclature  and  Standards,  May  19, 
1921,  the  matter  of  a  generic  term  for 
"lighting  unit"  was  considered.  The 
suggested  name  "luminaire"  was  deemed 


to  be  the  most  acceptable  one  which  had 
come  to  the  attention  of  the  Committee. 
The  Committee,  while  tentatively  re- 
commending the  use  of  this  term,  ex- 
pressed its  wish  that  it  might  receive 
criticisms   and    further   suggestions. 

STANDARDIZATION  OF  OUTLETS 
It  is  understood  that  a  large  number 
of  manufacturers  interested  in  equip- 
ments for  "Removable  Fixtures"  are  in 
agreement  that  all  such  fixtures  should 
be  inter-changeable,  and  to  that  end  have 
practically  agreed  upon  a  design  or  de- 
signs which  will  accomplish  this  purpose. 
In  these  designs  the  means  for  mechan- 
ical support  of  fixtures  are  independent 
of  the  current-carrj-ing  parts. 

POPULAR  EDUCATION  ON  ILLUM- 
INATION 

As  summarized  in  the  April  30,  1921 
Tran-s.\ction'S  of  the  Society,  Mr.  Sam- 
uel G.  Hibben,  chairman  of  the  sub-com- 
mittee on  popular  education  of  the  I.  E. 
S.  committee  on  education,  has  given 
several  lectures  in  the  interests  of  the 
educational  work  of  the  Society.  Some 
of  the  work  on  popular  education  has 
been  dove-tailed  with  the  X.  E.  L.  A. 
Industrial  Lighting  Exhibits,  and  the 
chairman  has  devoted  considerable  time 
assisting  in  the  installation  or  demon- 
stration of  such  exhibits  at  Buffalo, 
N.  Y. ;  Pittsburgh,  Pa.;  New  York, 
N.  Y. ;  Rochester,  N.  Y. ;  St.  Louis, 
Mo. ;  and  Kansas  City,  Kan.  Lectures 
on  the  advantage  of  better  lighting, 
particularly  covering  industrial  illum- 
ination have  been  given  to  the  Rotary 
Club  of  AUentown  and  of  Reading, 
Pa. ;  to  the  Electrical  Contractors, 
Rochester,  N.  Y. ;  to  the  Association 
of  Public  Utilities,  Kansas  City,  Kan- 
sas ;  and  to  the  Central  Mississippi 
Valley  Safety  Congress,  St.  Louis, 
Mo.        Work    is    being    continued     to 
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assemble  sufficient  number  of  lantern 
slides  for  several  popular  lectures,  and 
to  date  about  fifty  such  slides  have  been 
secured. 

The  committee  will  cooperate  with  the 
newly  appointed  committee  of  the 
I.  E.  S.,  to  draft  semi-technical  or  gen- 
eral lighting  bulletins,  to  be  printed  by 
the  Society  and  issued  to  schools,  col- 
leges, etc.,  to  cover  the  field  and  in  a 
measure  replace  the  various  engineering 
bulletins  now  being  distributed  by  sev- 
eral manufacturers. 


RESEARCH  IN  PHYSIOLOGICAL 
OPTICS 

Under  the  auspices  of  the  Division  of 
Physical   Sciences  of  the  National   Re- 
search Council,  there  has  recently  been 
formed    a   Committee   on   Physiological 
Optics   consisting  of : 
Prof.  Adelbert  Ames,  Dartmouth  Col- 
lege 
Prof.    W.    T.    Bovie,    Harvard    Univ- 
ersity 
Dr.  P.  W.  Cobb,  Nela  Research  Lab- 
oratory 
Mr.  L.  A.  Jones,  Eastman  Kodak  Com- 
pany 
Dr.  W.  B.  Lancaster,  Boston 
Dr.  P.  G.  Nutting,  Pittsburgh 
Dr.  L  G.  Priest,  Bureau  of  Standards 
Prof.  J.  P.  C.  Southall,  Columbia  Un- 
iversity 
Dr.  L.  T.  Troland,  Harvard  University 
Prof.  F.  K.  Richtmyer,  Cornell  Univ- 
ersity 
with  the  last  named  as  chairman. 

This  committee  recently  held  a  meet- 
ing in  New  York  for  the  purpose  of  or- 
ganization and  discussion  of  the  prob- 
lems before  it.  The  diversity  of  present 
theories  of  vision  was  thought  to  be  due 
in  large  part  to  the  circumstance  that  the 
workers  in  the  sciences  contributory  to 
visual  phenomena,  such  as  physics,  phys- 


iology and  psychology,  seldom,  if  ever, 
get  together  to  talk  over  problems  of 
mutual  interest  and  to  learn  of  each 
other's  viewpoint. 

To  facilitate  an  interchange  of  ideas 
among  the  various  groups  of  workers, 
the  Committee  voted  to  request  the  Op- 
tical Society  of  America  to  form  a  Sec- 
tion on  Vision.  Such  a  section  has  been 
authorized  by  the  Society  and  the  first 
meeting  will  be  held  in  Rochester  in  Oc- 
tober, 1921.  It  is  hoped  that  all  those  in- 
terested in  the  pure  or  applied  science 
of  Vision,  such  as  physicists,  physiol- 
ogists, psychologists,  ophthalmologists 
photochemists,  illuminating  engineers, 
etc.,  will  join  the  new  Section  and  will 
take  an  active  part  in  its  work. 

The  committe  will  also  immediately 
make  a  survey  of  present  research  in 
progress.  Later  there  will  be  issued  a 
report  on  the  present  status  of  Physio- 
logical Optics  with  some  outstanding 
problems  for  research. 


NELA   LIGHTING   HANDBOOKS 

The  Handbook  Committee  of  the  Na- 
tional Electric  Light  Association,  has 
just  announced  the  publication  of  two 
handbooks — one  on  Industrial  Lighting 
and  the  other  on  Lamp  Equipment  for 
Commercial  and  Industrial  Lighting. 
These  books  are  especially  written  for 
commercial  men,  and  embody  an  inter- 
pretation of  the  principles  promoted  by 
the  Illuminating  Enginering  Society.  In 
fact,  most  of  the  committeemen,  who 
prepared  the  books,  are  active  members 
of  the  Society.  The  treatise  on  indus- 
trial lighting  presents  a  popular  expo- 
sition on  the  whys  and  wherefores  of 
modern  practice^ — why  good  illumination 
should  be  sold  and  how  it  can  be  secured 
to  meet  various  requirements. 

The  lamp  equipment  book  is  a  com- 
prehensive index  of  the  principal  types 
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of  light-modi fj'ing  equipment  for  use 
with  incandescent  lamps  in  commercial 
and  industrial  lighting  practice.  Full 
data  on  the  light  performance,  including 
illustrations  and  photometric  curves  are 
giyen,  as  are  also  constants  for  esti- 
mating the  illumination  produced.  Equip- 
ments are  cross-indexed  with  a  list  of 
applications  according  to  building  con- 
ditions and  use  of  light.  They  are 
also  cross-indexed  with  a  list  of  equip- 
ment manufacturers.  These  facilitate 
the  proper  selection  and  application  of 
equipment,  so  that  it  is  easier  to  assure 
a  good  lighting  result. 

The  books,  which  are  neatly  bound  in 
flexible  card  covers — size  4  by  7  in.,  are 
obtainable  at  the  cost  of  printing  and 
distributing — namely,  fifty  cents  per 
copy — from  the  general  office  of  the  Na- 
tional Electric  Light  Association,  at  29 
West  39th  Street,  New  York  City. 

DR.   ZENNELLEY   AS   EXCHANGE 
PROFESSOR 

Dr.  A.  E.  Kennelly,  past-president  of 
the  Illuminating  Engineering  Society, 
professor  of  electrical  engineering  at 
Harvard  University  and  the  Massachu- 
setts Institute  of  Technology,  has  been 
selected  as  the  representative  of  a  group 
of  seven  American  universities  which 
have  established  a  joint  exchange  of 
professors  in  engineering  and  applied 
science  with  the  French  University  Ad- 
ministration. The  seven  cooperating  in- 
stitutions are  Columbia,  Cornell,  Har- 
vard, Johns  Hopkins,  Massachusetts  In- 
stitute of  Technology',  Pennsylvania  and 
Yale.  Dr.  Kennelly  sailed  from  New 
York  on  June  9. 

MR.   FEIKER  TO  AID   MR.   HOOVER 

Mr.  F.  M.  Feiker,  formerly  chairman 
of  the  New  York  Section  of  the  Illum- 
inating Engineering  Society  and  recently 
nominated    as    a    vice-president    of    the 


Society  for  New  York,  has  been  ap- 
pointed by  Secretary  Herbert  Hoover 
as  his  personal  assistant  in  the  develop- 
ment of  the  Department  of  Commerce 
as  an  aid  to  industry.  Mr.  Feiker,  who 
is  a  graduate  of  the  Worcester  Poly- 
technic Institute,  class  of  1904,  was  for 
several  years  chairman  of  the  editorial 
board  of  the  A.  W.  Shaw  Publications 
of  Chicago,  and  is  now  vice-president 
and  chairman  of  the  editorial  board  of 
the  McGraw-Hill  Company,  Inc.,  of 
New  York,  publishers  of  engineering 
and  industrial  periodicals.  He  will  as- 
sist Mr.  Hoover  in  the  development  of 
the  statistical  and  research  branches  of 
the  Government  in  such  a  way  as  to 
provide  information  and  help  for  the 
needs  of  the  average  business  man  and 
the  small  manufacturer,  who  have  nei- 
ther the  opportunity,  nor  the  capital,  to 
make  the  necesary  investment  individ- 
ually to  make  this  possible. 

DR.   ROSA  DIES  SUDDENLY 

Dr.  Edward  B.  Rosa,  who  has  served 
as  a  director  of  the  Illuminating  Engin- 
ering  Society,  as  chairman  of  its  Re- 
search Committee  and  member  of  its 
Committees  on  Papers  and  Nomencla- 
ture and  Standards,  died  suddenly  in  his 
office  at  the  Bureau  of  Standards,  Wash- 
ington, on  May  17,  1921.  Dr.  Rosa  has 
done  notable  work  in  the  scientific  field, 
and  particularly  in  electrical  research. 
He  was  born  in  Rogersville,  New  York, 
Oct.  4,  1861.  After  graduating  from 
Wesleyan  University,  Middletown,  Conn, 
in  1886,  he  entered  Johns  Hopkins  Univ- 
ersity, Baltimore,  and  received  the  de- 
gree of  Doctor  of  Philosophy.  Serving 
for  short  periods  as  instructor  at  the 
University  of  Wisconsin  and  as  Profes- 
sor of  Physics  at  Wesleyan  he  became 
the  chief  physicist  of  the  Bureau  of 
Standards  in   1901. 

One  of  his  first  achievements  was  to 
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develop  the  physical  side  of  the  respira- 
tion calorimeter  with  Professor  W.  O. 
Atwater  at  Wesleyan.  This  apparatus 
was  o£  great  value  in  the  pioneer  inves- 
tigations of  the  value  of  foods.  With 
Dr.  Dorsey  as  collaborator  Dr.  Rosa  in 
1907  began  work  on  the  determination 
of  the  ampere  which  has  been  perfected 
until  it  is  now  possible  to  define  the  am- 
pere in  a  satisfactory  manner.  With  Dr. 
Grover  he  collected  practically  all  the 
known  formulae  for  computing  induc- 
tions. This  collection  is  known  through- 
out the  world  as  a  model. 

Another  achievement  was  to  establish 
definitely  the  laws  governing  electrolytic 
corrosion,  a  problem  of  major  impor- 
tance to  public  utility  companies,  par- 
ticularly those  operating  underground 
gas  and  water  pipes  and  electric  rail- 
ways. In  the  World  War,  Dr.  Rosa 
developed  a  number  of  scientific  instru- 
ments of  great  value  to  the  American 
forces  in  France.  Among  these  was 
a  sound  ranging  device  for  locating  big 
guns,  the  geophone  for  detecting  mining 
operations,  the  development  of  aircraft 
radio  apparatus  and  the  improvement  of 
radio  direction  finders  by  which  enemy 
ships  and  aircraft  could  be  located.  Un- 
der his  direction  the  Bureau  of  Stand- 
ards has  established  what  is  perhaps 
the  finest  radio  research  laboratory  in 
the  country.  Dr.  Rosa  also  perfected 
devices  to  insure  safety  devices  in  in- 
dustrial plants.  In  addition  to  his  com- 
mittee work  for  the-  Illuminating  Engi- 
neering Society,  Dr.  Rosa  has  served  as 
a  member  of  the  Standards  Committee 
on  the  American  Institute  of  Electrical 
Engineers  and  has  been  a  very  active 
worker  for  the  American  Engineering 
Standards  Committee.  At  the  time  of 
his  death  he  was  one  of  the  official  rep- 


resentatives of  the  Illuminating  Engi- 
neering Society  on  the  Governing  Board 
of  the  American  Association  for  the 
Advancement  of  Science;  a  Fellow  of 
the  American  Institute  of  Electrical  En- 
gineers ;  a  member  of  the  U.  S.  National 
Committee  on  the  International  Electro- 
technical  Commission;  a  member  of  the 
main  Committee  of  American  Engin- 
eering Standards  Committee  as  a  rep- 
resentative of  the  U.  S.  Department  of 
Commerce  and  a  member  of  the  Exec- 
utive Committee ;  chairman  of  the  Rules 
Committee  and  chairman  of  the  Na- 
tional Safety  Code  Committee  of  the 
A.  E.  S.  C.  In  addition  to  the  organ- 
izations just  named  he  was  a  member  of 
the  National  Academy  of  Sciences, 
American  Philosophical  Society,  Amer- 
ican Association  for  the  Advancement 
of  Science,  the  American  Physical  So- 
ciety, the  Societe  Francaise  de  Physique, 
the  Washington  Academy  of  Sciences, 
the  Philosophical  Society  of  Washing- 
ton, and  was  secretary  of  the  Inter- 
nation  Committee  on  Electrical  Units 
and  Standards.  He  has  been  the  recipient 
of  the  Elliot  Cresson  medal  of  the 
Franklin  Institute. 

At  the  meeting  of  the  I.  E.  S.  Com- 
mittee on  Nomenclature  and  Standards 
on  May  19th,  the  following  resolution 
was  passed : 

RESOLVED  :  That  this  Committee 
desires  to  express  its  great  sense  of 
loss  in  the  sudden  and  unexpected 
death  of  Dr.  Rosa  who  has  done  so 
much  in  the  past  to  aid  the  cause  of 
illuminating  engineering.  The  mem- 
bers of  the  Committee  desire  to  offer 
their  personal  condolence  to  the  Bu- 
reau of  Standards  and  to  Dr.  Rosa's 
family. 
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THE  SOCIETY'S  HEADQUARTERS 

As  will  have  been  noted  from  the 
April  issue  of  the  I.  E.  S.  Iransactions, 
the  Electrical  World  called  attention  ed- 
itorially on  April  9,  1921  to  the  fact  that 
the  Illuminating  Engineering  Society 
was  then  confronted  with  the  problem 
of  finding  quarters  outside  of  the  En- 
gineering Societies  Building,  New  York, 
which  had  served  as  headquarters  of  the 
society  since  the  building  was  erected. 

It  is  gratifying  to  state  that  the  Illum- 
inating Engineering  Society  will  con- 
tinue to  have  its  headquarters  in  the 
Engineering  Societies'  Building,  as  satis- 
factory arrangements  have  been  made 
with  the  United  Engineering  Society, 
which  offered  the  I.  E.  S.  space  on  the 
sixteenth  floor  of  the  building,  and  this 
was  accepted  bj^  the  action  of  the  Coun- 
cil on  June  9,  1921.  The  arrangement  of 
the  new  offices  and  other  details  were 
left  in  the  hands  of  the  General  Secre- 
tary by  the  Council. 


THE   DELAY  IN  PRINTING 

Most  of  our  members  have  read  in 
the  daily  press  of  the  printers'  strike 
which  was  called  on  May  ist,  which 
strike  has  been  the  cause  for  the  tardy 
publication  of  the  present  issue. 

We  were  advised  late  in  April  by 
the  printers  of  the  I.  E.  S.  Transac- 
tions, the  Chemical  Publishing  Company, 
Easton,  Pa.,  that  the  strike  would  be 
called  and  even  as  this  issue  is  being  sent 
to  press  the  strike  has  not  been  settled. 

However,  the  Chemical  Publishing 
Company  has  recruited  a  new  force  of 
printers,  and  we  have  succeeded  in  pub- 
lishing this  issue  largely  with  material 
already  in  t\pe.  Doubtless  these  facts 
will  be  given  due  consideration  by  our 


members,  and  proper  allowance  will  be 
made    for    any    shortcomings. 

The  July  20th  issue  is  now  being  pre- 
pared for  the  press  and  the  Committee 
on  Editing  and  Publication  expect  that 
it  will  be  ready  for  the  mail  in  the  near 
future. 

Every  effort  will  be  made  to  get  the 
August  30th   issue  out  on  time. 

With  this  explanation  it  is  hoped  that 
all  of  our  members  and  subscribers  will 
be  satisfied. 


NEW     OFFICERS 

At  the  June  Meeting  of  the  Council 
the  report  of  the  Committee  of  Tellers 
was  read  and  accepted.  According  to 
the  returns  reported  by  the  committee 
the  following  have  been  elected  to  the 
offices  indicated : 

General  Officers 

President 

Dr.  George  S.  Crampton 

General  Secretary 
Clarence  L.  Law 

Treasurer 

Louis  B.  Marks 

Vice-President 

Frederick  M.  Feiker 

Directors 

A.  D.  Curtis 
F.  C.  Caldwell 
P.  S.  Millar 

New  York  Section 

Chairman 

H.  V.  Bozell 
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Secretary 

S.  W.  Van  Rensselaer 

Managers 

Herman  Plaut 
S.  G.  Hibben 
E.  A.  Mills 
Davis  H.  Tuck 
John  Doyle 


Managers 


Albert  Scheible 
F.  A.  Rogers 
J.  J.  Kirk 
Lee  Farmer 
J.  H.  Allen 


New  England  Section 


Chairman 

Wm.  J.  Drisko 

Secretary 

J.  T.  Kerens 

Managers 

J.  W.  Cowles 
F.  A.  Gallegher,  Jr. 
John  Nash  Ives 
Edwin  S.  Parker 
E.  E.  Stevens 


NEW  MEMBERS 


Five  Members 


Philadelphia  Section 


Chairman 

H.  B.  Andersen 

Secretary 

H.  Calvert 

Managers 

J.  R.  Henry 
Howard  Lyon 
W.  L.  Nodell 
Emile  G.  Perrot 
G.  Bertram  Regar 

Chicago  Section 

Chairman 

F.  F.  Fowle 

Secretary 

Albert  L.  Arenberg 


Richard  C.  Heather, 
President, 

R.  C.  Heather  Co., 
19.  W.  36th  St., 
New  York,  N.  Y. 

Claude  B.  Hellman, 

Lighting  Fixture  Dealer, 

Claude  B.  Hellman   Company, 
403  N.  Charles  Street, 
Baltimore,  Md. 

Harry  S.  Rainsford, 
Vice-President, 
R.  C.  Heather  Co., 
19.  W.  36th  St., 
New  York,  N.  Y. 

L.   M.    S  PERRY, 

Manufacturers  Agent-Manager, 
917  Pine  Street, 
St.  Louis,  Mo. 

P.  Schuyler  Van  Bloem, 
President, 
Viking  Sign  Co.,  Inc., 
Viking  Advertising  Corp., 
617  Eighth  Ave., 
New  York,  N.  Y. 
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One  Transfer 

Joshua  H.  Vooel. 

Baker,  Vogel  &  Evans,  Architects, 
516  Pacific  Block, 
Seattle,  Wash. 

Seventeen    Associate    Members 

Asa  E.  Allen, 
Engineer, 
Southwest  General   Electric   Co., 
516  Interurban  Building, 
Dallas,  Tex. 

Frederick  A.  Boss, 
Proprietor, 
Boss  Electrical  Supplj'  Company, 
II  Peck  Street, 
Providence,  R.  I. 

Fermor  Spexcer  Church, 

Student  of  Interior  and  Stage 
Lighting, 

Harvard  University, 
Cambridge,  I^Iass. 

Noah  Colemax, 
Manager, 

Coleman  Electric  Company, 
121  N.  8th  Street, 
AUentown,   Pa. 

Benjamin  Stanley  Crosby, 
Manager, 

Crosby  &  Elkins, 
II  Garden  Pier, 
Atlantic  City,  X.  J. 

Charles  G.vllo, 

Illuminating  Engineer, 
Westinghouse  Lamp  Co., 
Bloomfield,  N.  J. 

Peter  Garms, 

Electrical  Testing  Laboratories, 
80th  Street  and  East  End  Avenue, 
JS^ew  York.  N.  Y. 


George  H.  Harman, 
Secretary, 
R.  C.   Heather  Company, 
19-21  West  36th  Street, 
New  York,  N.  Y. 

H.  L.  HouCHiNS, 

Manager  Lighting  Dept., 
Western  Electric  Company, 
814  Spruce  Street, 
St.  Louis,  AIo. 

August  IMotschenbacher, 
Assistant  Superintendent, 
L.  Plaut  &  Co., 
432  E.  23d  St., 
New  York,  N.  Y. 

J.  Frank  Murray, 

Supt.  Meter  and  Lamp  Dept., 
United  Electric  Light  Co., 
yi  State  St., 

Springfield,  Alass. 

Karr  Parker, 

Engineering  Manager, 
McCarthy  Bros.  &  Ford, 
75  West  ^lohawk   Street, 
Buffalo,  X.  Y. 

John  F.  Reinke, 

Sales  Representative, 
Edison  Lamp  Works, 
Colman  Building, 
Seattle,  Wash. 

Chester  A.  Slocum, 

Consulting    Engineer, 
Douglas,  Sprague  &  Slocum, 
167  West  13th  Street, 
New  Yerk,  X.  Y. 

Alton  B.  Snyder, 

Lamp  Dept.  Manager, 
H.  C.  Roberts  Electric  Supply  Co., 
iioi  Race  Street, 
Philadelphia,   Pa. 
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Richard  M.  Topham, 
Salesman, 
Wetmore- Savage  Company, 
76  Pearl  Street, 
Boston,  Mass. 

Wawer  H.  Weeks, 
Sales  Engineer, 
Bryan  Marsh  Div.  of  G.  E.  Co., 
33  Union  Square, 
New  York,  N.  Y. 


Nine   Sustaining  Members 

Cassidy  Company.  Inc., 
15-17  Wilbur  Avenue, 
Long  Island  City,  N.  Y. 

Cox,  Nostrand  &  Gunnison, 
335-337  Adams  Street, 
Brooklyn,  N.  Y. 

Gii<i,iNDER  Brothers 
Port  Jervis, 
New  York. 


Hydro-Electric  Power  Commission  of 
Ontario, 

190  University  Avenue, 
Toronto,  Ontario,  Canada. 

E.  B.  Latham  &  Company, 
Electrical  Supplies, 
550  Pearl  Street, 
New  York,  N.  Y. 

LiGHTOEiER  Company, 
569  Broadway, 
New  York,  N.  Y. 

Pettingell-Andrews  Company, 
160  Pearl  Street, 
Boston,  Mass. 

Rochester  Gas  &  Electric  Corporation 

34  Clinton  Avenue,  North, 
Rochester,    N.    Y. 

Southern  Electric  Company, 
Baltimore, 
Maryland. 


ILLUMINATION  INDEX. 

Prepared  by  the  Committee  on  Progress. 


American  Gas  Journal 

Past  service  Brings  the  Order — A  Fine 

Example  of  Factory  Lighting  that 

Good-Will  Brought— 

American  Journal  of  Physiological  Optics 

Some  Factors  Affecting  Visual  Acuity — 

Annales  de  Physique 

Sur  la  diffusion  dc  la  lumiere  par  Ics 
molecules  des  gaz  transparents — 
Buildings  and  Building  Management 

Light  in  Dark  Places — 

Advance  in  Office  Building  Lighting— 


DATE 

PAGE 

Charles  E.  Blood 

Apr.  2 

294 

Charles  Sheard 

April 

168 

Jean  Cabannes 

Jan. -Feb. 

5 

R.  Trantschold 

Mar.  7 

21 

R.  Trantschold 

April 

15 
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Business 

Come  On-Sunshine  (Store  Lighting)  — 
Central  Station 

Studies    in     the    Applied     Science    of 

Light- 
Difference   Between   Light   and    Illum- 
ination— 

Chemical  Abstracts 

Recent  Researches  on  the  Tungsten- 
Filament  Lamp. — '(Industrie  Elec, 
29,  1920,  p.  472)  — 

Comptes  Rendus 

Allumeur  et  extincteur  de  bees  de  gaz 
des  lanternes  publiques — 

Appareil  projetant,  en  sallee  eclairee, 
tout  objet  sur  ecran  de  3m  de  cote 
avec  3  amperes — 

Das  Gas  nnd  Wasserfach 

Internationale  Kerze  und  Lumen — 
Vergleich    zwischen   der    Leuchtmittel- 

herstellung  in  den  Jahren   1918-19 

and  1919-20 — 
Kostenlose  Instandhaltung  von  Gasbe- 

leuchtungskorpern — 

Electrical  Contractor-Dealer 

New    Discovery    in    Electric    Illumina- 
tion— 
Lighting  Exhibit  in  Kansas  City- 
Colored  Light  Arrives — 

Electrical  Becord 

The  Development  of  Commercial 
Lighting  Units  from  an  Engineer- 
ing Viewpoint — 

Electric  Lamp  Adapters  for  Converting 
Vases  and  Old-fashioned  Lamps — 

Electrical  Be  view  (London) 

Some  Special  Lighting  Fittings — 
Motor-House  Lighting  from  a  Car — 
A   New   Kinematograph   Projector — 
Neon  Lamps — 
Italian  Alabaster — 
Aircraft  Lights — 


E.  W.  Davidson 

E.  L.  Elliott 
E.  L.  Elliott 


April 

April 
April 


16 
301 


Marchand 

Apr.  20 

1 107 

Paul  Bernard  and 

Barbe 

Feb.  14 

zn 

M.  Dussaud 

Mar.  29 

808 

E.  Alberts 

Mar.  5 

155 

E.  Alberts 

Mar.  5 

158 

Mar.  5 

159 

April 

2iy 

April 

238 

May 

276 

April 

221 

April 

243 

Mar.  4 

293 

Mar.  II 

304 

Mar.  II 

331 

Mar.  18 

340 

Mar.  25 

375 

Mar.  25 

392 
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Electrical  Eeview  (II.  S.) 

Poor  Lighting  and  Its  Excuses  for  Ex- 
istence— 

Notes   fi-om  Britain  on  Lighting  Pro- 
gress— 
Practical    Illumination    Design    Calcu- 
lations— 
Developing  Industrial  Lighting — 
Highway     Lighting     Improves     Night 

Traffic  Conditions — 
Maintenance  as  a  Big  Factor  in  Indus- 
trial  Lighting — 
Illumination  in  a  Modern  Steam  Laun- 
dry Plant- 
Primary  Requisite  in  Industrial  Light- 
ing— 
What  is  Tendency  in  Lighting-Fixture 

Design? — 
Educating  Architects   to   Better   Home 

Lighting- 
Electric  Light  Invading  Sphere  of  Mid- 
night Sun — 

Electrical  Times 

Lighting  a  Woodworks — 

Electrical  World 

Lighting  for  Dusty  Places  (Corres- 
pondence)— 

Detachable  Lighting  Fixture  Reduces 
Cleaning  Expense — 

Minneapolis  Street  Lighting  under 
Fire — 

Effective  Lighting  for  Core  Room — 

Indirect  Ceiling  Fixtures  Provide  Even 
Illumination  for  Library — 

How  Often  Should  Lighting  Fixtures 
Be  Cleaned?— 

High  Intensity  Improves  Sewing  Ma- 
chine Lighting — 

Lighting  Fixture  Standardization  an 
Immediate  Possibility — 

Responsibility  of  Utility  in  Improving 
Home  Lighting  — 

Electrician 

Celluloid  in  Electric  Safety  Lamps— 


0.  L.  Johnson  and 
P.  A.  Powers 

Apr.  9 

565 

Apr.  9 

568 

Earl  A.  Anderson 

Apr.  9 
Apr.  9 

569 

573 

C.  D.  Wagoner 

Apr.  9 

576 

Apr.  9 

577 

Apr.  9 

578 

Editorial 

Apr.  9 

580 

Apr.  9 

590 

C.  G.  Everson 

Apr.  23 

649 

Apr.  30 

688 

Mar.  31 

314 

T.  H.  Arnold 

Apr.  2 

768 

Apr.  9 

833 

Apr.  9 
Apr.  16 

84s 
884 

Apr.  23 

929 

Apr.  23 

941 

D.  S.  Myers 

May  7 

1054 

May  7 

1074 

Editorial 

May  14 
■    Mar.  18 

1086 
327 
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Elektrotechnische  Zeitschrift 

Der  Stand  der  Beleuchtungsfrage  und 
die    daraiis    zu    zieliendcn    Folgcr- 
ungen — 
Elektrotechnischer  Anzeiger 

Der     Stand    der     elektrischen    Zugbe- 

leuchtung — 
Beleuchtung    von    Hallen    durch    Tief- 
strahler — 
Gas  Age 

Gas  Lighting — 
The  Testing  of  Gas  Lamps — 
Gas  Journal 

Importance  of  Gas  Lighting — 
General   Electric  Review 

The  Lighting  of  Piers  and  Docks — 
Good  Furniture 

Lighting  Fixtures  Xeed  Xo  Longer  Be 
"Fixture" — 
The  Age  of  Light.  II— 
Illuminating   Engineer     (London) 

Report  of  the  Committee  on  Progress 
in  Gas  Lamps  and  Lighting  Appli- 
ances— 
Developments  in  the  Sheringham  Day- 

hght— 
A  "Foot-Candle  ^Meter" — 
Journal    of    Electricity    and    Western    In- 
dustry 
Some   New  Ideas   on   the   Lighting  of 
Highways — 
The  Journal  of  the  Institution  of  Electrical 
Engineers   (England) 
The  W  hitened  Cube  as  a  Precision  In- 
tegrating Photometer — 
Journal  of  the  Optical  Society  of  America 
The   Present    Status   of   the   Constants 
and    Verification   of   the    Laws    of 
Thermal  Radiation  of  a  Uniformly 
Heated  Enclosure — 
Systems  of  Color  Standards — 
A   Method   of   Obtaining   Radiant   En- 
erg>-   Having  the   Visible    Spectral 
Distribution  of  a  complete   Radia- 
tor at  \'er}'  High  Temperatures — 
The    Spectral    Distribution    of    Energy- 
Required  to  Evoke  the  Gray  Sen- 
sation— 


L.  Bloch 

W'intermeyer 

Heyck 

Editorial 

R.  H.  Maurer 

H.  E.  Mahan 

W'm.  Laurel  Harris 


C.  D.  Wagoner 


H.  Buckley 


\\\  W.  Coblentz 
A.  Ames,  Jr. 


Irwin  G.  Priest 


Irv.in  G.  Priest 


Feb.  24 


Jan. 

Jan. 
Jan. 


May  I 


Jan. 


March 
March 


March 


March 


63 


174 


Feb.  26 

166 

Mar.  17 

250 

Mar.  25 

246 

Apr.  II 

307 

Mar.  9 

609 

April 

381 

April 

176 

April 

187 

10 


12 
15 


430 


143 


131 
160 


178 


205 


64 
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Licht  und  Lampe 

Bericht  iiber  die  21.  Mitgliederver- 
sammlung  der  Deutschen  Beleucht- 
ungstechnischen  Gesellschaft  am 
Donnerstag,  den  10  Februar  1921 — 
tJber  den  gegenwartigen  Stand  der 
Beleuchtung  von  Eisenbahn- 
wagen — 

Musz  das  Gaslicht  dem  elektrischen 
Licht  weichen? — 

Zur   Geschichte    des   BeleuchtungswCs- 
ens — 
monthly   Abstract   Bulletin,   Eastman 
Kodak  Co. 

The  Transparency  of  Yellow  Filters 
for  Ultra- Violet  Radiation.  (Phot. 
Korr.  ,  Jan.  1920,  p.  34) — 

Practical  Application  of  Ostwald's 
Scheme  of  Color  Classification. 
(Chem.-Zeit,  Oct.  2,  1920,  p.  737)  — 

An  Apparatus  for  Using  in  Photochem- 
ical Reactions  the  Luminous  En- 
ergy Emitted  by  an  Incandescent 
Lamp.  (Bull.,  soc.  chim.,  August, 
1920,  27,  p.  680)— 

N.  E.  L.  A.  Bulletin 

Efficiency    of    Incandescent    Lamps    is 
to    be    Expressed    in    Lumens    per 
Watt- 
Philosophical  Magazine 

On  the  Supposed  Weight  and  Ultimate 
Fate  of  Radiation — 
Physical  Review 

Flame  Excitation  of  Luminescence — 


C.  Richard  Bohm 


Feb.  24 

80 

Feb.  24 

82 

Mar.  10 

116 

A.  Wirth 


Volmar  and 
Dufraisse 


April 
April 


148 


151 


April 


May 

Oliver  Lodge 

April 

E.  L.  Nichols  and 

D.  T.  Wilber 

April 

153 


300 


549 


453 


The  Spectral  Structure  of  the  Lumin- 
escence Excited  by  the  Hydrogen 
Flame — 

Photoelectric    Phenomena     in    Coated 
Filament  Audion  Bulbs — 
Physikalische   Berichte 
Vol.   2,   No.   2 

La  Formation  de  Rayons  dans  la  Lum- 
iere  Pourpree.  (Arch.  sc.  phys.  et 
nat.  (5)  2,  p.  247,  1920,  Mai-Juni)  — 


Horace  L.  How^es 
Ernest  Merritt 

P.  Gruner 


April 
April 


469 

52s 

115 
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t)ber  das  Wesen  der  Farben  und  des 
Farbensehens.  (S.-A.  Mitt.  d.  For- 
schunginst.  f.  Textilindustrie  in 
Wien  1920.  88s.  S.-A.  Osterr. 
Chem.-Ztg.  1920.  Nr.5.  8s.  S.-A. 
Farber-Ztg.  31,  Nr.  5.  u.  6,  1920. 
7s.)  — 
Vol.  2,  No.  3 

UItra\  iolettbestrahlungsapparate      der 

Quarzlampengesellschaft   m.   b.    H. 

Nanau.     (ZS.  f.  angew.  Chem.  33, 

S.243,   1920,  Nr.  82)  — 
Dosierbare    Lichttherapie.       (D.    Med. 

VV'ochenschr.  46,  s.   1362,  1920,  Nr. 

49)  — 
Lichttherapeutische    Studien    mit    dem 

Fiirstenau-Aktinimeter.        (Miinch. 

Med.  Wochenschr.  67,  s.  1410,  1920, 

Nr.  49)— 
Messungen  der  Farben,  der  Helligkeit 

und   der   Durchmesser   der    Sterne 

mit    Anwendung    der    Planckschen 

Strahlungsgleichung.       (Astrophys. 

Obs.  Potsdam  44,  3..    Stiick,  Nr.  76, 

34  s.,   1920)  — 
Physikalische  Zeitschrift 

Uber   ein   neues   Photometer  zur   Mes- 

sung     schwachster     Beleuchtungs- 

stjirken,     insbesondere  Sternphoto- 

metrie — 
Lichtelektrische  Photometric  des  Nach- 

leuchtens   von  aktiven    Stickstofif — 
Psychological  Bulletin 

The  Flashing  of  Fireflies :    A  Study  in 

Visual  Rhythm — 
Monocular  and  Binocular  Perception  of 

Brightness — 
Public  Works 

Lighting  Highways — 
Hailway  Electrical  Engineer 

Power     and     Lighting     Equipment     in 

Railroad  Service — 
Revne  Generale  de  L'Electricite 

L'  Industrie  du  quartz  fondu  et  la  con- 
struction des  lampes  a  arc  de  mer- 

cure  en  quartz. 


Max  Becke 


von  Heygendorff 
R.  Fiirstenau 

Fritz  M.  Meyer 


J.  Wilsing 

H.  Schering  Feb.  i 

E.  V.  Angerer  Feb.  15 

Christian  A.  Ruckmick    Feb. 
Prentice  Reeves  Feb. 

Apr.  16 

April 


124 


160 


160 


161 


161 

71 
97 

72 

74 

322 

150 


Feb.  19         260 
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Science 

A  Fish  with  Luminous  Organ  designed 
for  the  Growth  of  Luminous  Bac- 
teria— 

Constant  Light-Source  with  Continuous 
Science  Abstracts  "A" 

Ultra-Violet     Spectrum.         (Zeits. 
techn.  Physik,  1,  10,  p.  224,  1920)  — 

Light-Electric  Phenomena  with  Zinc 
Sulphides.  (Zeits.  f.  Physik,  2,  2, 
p.  181,  1920)  — 

Photoelectric  Effect  observed  with  Zinc 
;  Blende :    further  Experiments.  (Zeits 

f.  Physik,  2,  4,  p.  361,  1920)  — 

Scientific  American 

Better  Glass  for  Daylight  Lighting — 
Scientific  Monthly 

;        Democrats    and    Aristocrats    in    Scien- 
tific Research — 
The  Conduction  of  Research — 
Technical  Review 

Acetylene  Gas   Lighting.     (Journal  de 

I'Acetylene,   Nov.,   1920)  — 
Lighting  Installations  for  Night  Flying. 
(Illustrierte    Flug-Welt,    Nov.    24, 
1920) — 
A  New  Projection  Lamp.  (Zeit.  f.  tech. 
Physik,  Nos.  i,  2. ;  Central-Zeitung 
f.     Optik    u.     Mechanik,    Oct.     10, 
1920) — 
Lamp  Testers  for  Electric  Car  Lamps. 
(Elek.    Kraftbetriebe    u.    Bahnen, 
Sept.  24,  1920)  — 
Technologic  Paper  No.  170,  Bureau  of  Stan- 
dards 
Pyrometric  Practice — 


Zeitschrift  f.  Psychologic  und  Physiologic 
d.  Sinnesorgane,  Abt  II 

Zur  Frage  nach  der  speziiischen  Hellig- 

keit  der   Fail)cn — 
Zeitschrift  f.  Wiss.  Photographic,  u.  s.  w. 
Die    Beleuchtung    und    Belichtungszeit 

hei    der   Mikrophotographie — 


E.  Newton  Harvey      Apr.  i 


Mar.  8 


G. 

Gehlhoff 

Mar. 

29 

Matthesius 

Mar. 

29 

Paul  D.  Foote, 

C. 

0.  Fairchild, 

and 

T. 

R.  Harrison 

Feb. 

16 

Franz  Extier 


G.  Hansen 


Mar. 


Mar. 


314 


G.  Gehlhoff 

Mar. 

31 

187 

B.  Gudden  and 

R.  Pohl 

Mar. 

31 

192 

B.  Gudden  and 

R.  Pohl 

Mar. 

31 

212 

April 

30 

352 

Esmond  R.  Long 

May 

414 

F.  H.  Norton 

Alay 

424 

242 


Mar.  15        257 


299 


299 


157 


TRANSACTIONS 

OF  THE 

Illuminating  Engineering  Society 

PART   I  "SOCIETY   AFFAIRS 


1 


Vol.  XVI 


JULY   20.   1921 


No.  5 


SECTION  ACTIVITIES. 

CHICAGO. 
Meeting — May.  1921. 

The  May  meeting  of  the  Chicago  Sec- 
tion was  held  at  the  Tobey  Furniture 
Company,  N.  Wabash  Ave.  !Mr.  Lionel 
Robertson.  Art  Director  of  the  Tobey 
Furniture  Company,  presented  a  paper 
on  "Home  Lighting." 

About  sixty  members  and  guests  were 
present  at  the  meeting. 

CLEVELAND. 
Meeting — June,  1921. 

The  June  meeting  of  the  Cleveland 
Chapter  was  held  in  the  Laboratory  of 
Applied  Science,  Nela  Research  Labora- 
tory on  June  i6th.  Mr.  M.  Luckiesh,  Di- 
rector of  Applied  Science,  gave  a  very 
interesting  and  instructive  lecture  on  the 
subject  of  "Lighting  the  Home."  This 
subject  has  been  brought  to  the  fore- 
front recently  in  Cleveland  by  means  of 
a  modern  electricial  home  which  was 
open  to  the  public  for  a  month.  Mr. 
Luckiesh  who  planned  the  wiring  and 
lighting  of  that  home,  discussed  it  in 
his  talk 

Two  demonstration  rooms  in  the  Lab- 
oratory were  inspected  by  the  visitors. 
In  one  of  these  rooms  are  demonstrated 
in  a  very  comprehensive  manner  some 
of  the  possibilities  in  home  lighting.  In 
the  other  some  interesting  applications 
of  color  in  lighting  are  shown. 


The  lecture  and  demonstrations  were 
attended  by  a  mixed  audience  of  about 
eighty. 

PHILADELPHIA. 
Meeting — May,  1921. 

Instead  of  the  usual  more  or  less 
steriotyped  monthly  meeting  in  which 
the  various  phases  of  lighting  such  as 
that  of  factories,  churches,  schools  and 
city  streets  are  dwelt  upon,  the  Phila- 
delphia Section  at  its  meeting  on  May 
2oth  blazed  a  new  trail  in  having  for  its 
general  theme  the  illumination  of  man 
himself.  It  is  probable  that  few  of  the 
non  medical  part  of  the  audience  had 
ever  suspected  that  man  had  so  many 
nooks  and  crannies  in  his  anatomy  that 
it  was  necessary  to  illuminate  for  pur- 
poses of  diagnosis  and  study,  and  the 
medical  and  dental  part  of  the  audience 
had  probably  never  seen  gathered  to- 
gether at  one  time  such  an  array  of 
special  illuminated  instruments  as  were 
shown  by  the  speakers   of  the  evening. 

There  were  lamps  for  spot,  flood,  pen- 
etrating, indirect  and  constrast  lighting. 
None  of  our  usual  methods  of  lighting 
seemed  to  have  been  overlooked,  and  to 
it  all  was  added  the  X  ray.  To  enume- 
rate the  parts  illuminated  would  be  to 
write  a  miniature  hand  book  of  anatomy 
including  terms  seldom  if  ever  met  with 
by  the  illuminating  engineer. 

Dr.  Curtis  C.  Eves  demonstrated  upon 
a  patient,  who  happened  to  be  his  co- 
worker Dr.  Hughes,  the  transillumina- 
tion of  the  cavities  of  the  head.    As  Dr. 
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Eves  expressed  it  his  friend  had  that 
morning  fortunately  developed  an  infec- 
tion of  his  antrum.  The  differences  in 
shadow  density  in  the  opposite  sides  of 
the  face  could  be  readily  seen  when  com- 
parison lights  were  properly  adjusted 
with  the  rheostat. 

Dr,  George  M.  Coates  spoke  on  "The 
Illumination  of  the  Cavities  of  the  Head 
for  Diagnostic  Purposes."  Most  inge- 
nious periscope  like  instruments  were 
shown  and  demonstrated  upon  another 
willing  victim. 

Dr.  George  S.  Crampton  whose  sub- 
ject was  "Ancient  and  Modern  Use  of 
Light  in  the  Study  of  the  Eye"  showed 
a  model  of  the  original  opthalmoscope 
invented  by  Von  Helmholtz  in  185 1  as 
well  as  a  number  of  the  latest  instru- 
ments for  the  examination  of  the  inter- 
ior of  the  eye,  some  of  which  were  of 
highly  technical  construction. 

Present  day  illuminating  engineers 
may  be  interested  in  the  following  short 
quotation  from  Dr.  Crampton's  paper  in 
which  he  referred  to  Von  Helmholtz.  "It 
is  most  fitting  that  this  gathering  of 
those  interested  in  the  science  of  illum- 
ination should  hear  the  story  of  one  of 
the  greatest  illuminating  engineers  in 
history,  although  the  designation  'illum- 
inating engineer'  was  not  even  in  use  in 
his  time. 

"Since  his  day  much  thought  and 
study  have  been  centered  on  the  skillful 
illumination  of  buildings,  both  palacial 
and  plain,  but  never  has  a  chamber  been 
successfully  illuminated  in  all  the  ages 
that  equaled  in  importance  to  the  human 
race  the  illumination  of  that  wonder 
palace  of  vision,  the  human  eye. 

"Imagine  the  tumult  of  emotions  that 
surged  through  the  brain  of  that  great- 
est of  illuminating  engineers  when  his 
researches  were  rewarded,  and  he  saw 
for  the  first  time  in  all  its  glory  the  in- 


terior of  that  small  round  room,  the 
crimson  tapestries  of  which  are  the  very 
elements  of  the  brain  itself.  He  saw  a 
fairy  canopy  suspended  from  the  sun 
like  optic  nerve  by  cords  of  living  cours- 
ing blood. 

"Von  Helmholtz  who  lived  to  be 
honored  by  the  entire  civilized  world  for 
the  invention  of  the  opthalmoscope  was 
a  blood  descendent  of  our  William  Penn, 

"Up  to  his  time  it  was  considered  im- 
possible to  penetrate  the  dark  pupillary 
depths  of  the  human  eye  for  purposes  of 
study,  although  glimpses  had  been  had. 
of  the  fiery  glow  from  the  eyes  of  certain 
animals  even  in  Pliny's  day.  It  remained 
for  Von  Helmholtz  to  discover  that 
light  entering  the  eye  reflected  back 
exactly  along  the  path  over  which  it  had 
passed  and  that  if  one  was  to  see  the  in- 
terior of  the  eye  he  must  place  his  own 
pupil  in  the  path  of  the  emerging  rays. 
This  had  always  been  the  difficulty,  as 
in  so  doing  one  shut  out  most  of  the  di- 
rect entering  rays  and  saw  nothing  but 
a  darkened  chamber. 

"  However,  in  his  opthalmoscope  he 
adjusted  a  pack  of  thin  glass  plates  in 
such  a  manner  as  to  throw  the  light  re- 
flected from  their  sufaces  into  the  pupil, 
while  at  the  same  time  his  own  eye  was 
in  a  position  to  catch  the  returning  rays 
as  they  passed  through  the  plates." 

Owing  to  illness  in  his  family  Dr. 
Chevalier  Jackson  was  prevented  from 
demonstrating  his  methods  of  examining 
the  interior  of  the  bronchi  and  esopha- 
gus but  this  was  skilfully  done  by  Dr. 
Coates  who  also  showed  lantern  slides 
of  X-rays  of  the  lungs  of  persons  who 
had  mislaid  such  things  as  safety  pins, 
tacks,  sections  of  small  lead  pipe  etc.,  in 
their  bronchial  tubes.  After  each  pic- 
ture he  stated  the  number  of  minutes 
and  seconds  it  had  taken  Dr.  Jackson 
by   means   of   the   bronchoscope   to    see 
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the  object  pass  into  the  kings,  and  re- 
move it. 

Dr.  Alexander  Randall  showed  many 
clever  instruments  for  the  examination 
of  the  bladder,  probably  the  most  unique 
being  one  for  photographing  the  interior 
of  that  organ.  By  means  of  another  in- 
strument, delicate  tubes  of  waterproofed 
silk  could  be  guided,  under  observation, 
into  the  orifices  of  the  ureters  through 
which  the  kidneys  pour  their  secretion 
into   the   bladder. 

Dr.  Dudley  Guilford  spoke  on  "The 
Illumination  of  the  Dental  Operating 
Room  and  Oral  Cavity"  and  Dr.  Charles 
F.  Mitchell  on  "Illumination  of  the 
Operating  Table  from  the  Standpoint  of 
the  General  Surgeon." 

Mr.  Davis  H.  Tuck  of  the  Holophane 
Company  covered  the  subject  of  "The 
Lighting  of  Operating  Rooms  in  Hos- 
pitals." 

During  the  afternoon  an  exhibition  of 
the  various  illuminated  instruments  used 
by  physicians  and  dentists  was  held  in 
the  oak  room  of  the  roof  garden  and 
preceeding  the  meeting  the  members  and 
their  guests  dined  in  the  adjoining  South 
Garden. 

More  than  3000  members  of  the  medi- 
cal and  dental  profession  were  invited, 
and  the  large  audience  seemed  to  enjoy 
the   noval   entertainment. 

Meeting — June,  1921. 

In  June  the  Philadelphia  Section  com- 
bined with  the  Phildelphia  Sections  of 
the  A.  S.  M.  E.  and  the  A.  I.  E.  E.  in 
an  outing  at  McCall  Field,  which  proved 
to  be  a  very  enjoyable  occasion. 

NEW  ENGLAND. 
Meeting — April,  1921. 

The  April  meeting  of  the  New  Eng- 
land Section  was  held  at  the  Engineers' 
Club,  on  April  21,  1921. 


A  paper  on  "The  Knowns  and  Un- 
knowns in  Illumination"  was  presented 
By  Mr.  E.  Leavenworth  Elliott,  of  the 
Cooper  Hewitt  Electric  Co.,  Hoboken, 
N.  Y.    About  45  members  were  present. 

Continuing  its  instructive  course  of 
lectures  on  various  phases  of  light  and 
illumination  the  New  England  Section 
held  a  session  on  June  24th  in  the  Jeffer- 
son physicial  laboratory  at  Harvard  for 
the  purpose  of  being  addressed  by  Pro- 
fessor E.  L.  Chaffee  on  visible  and  in- 
visible light.  As  the  speaker  developed 
his  subjects  in  an  informal  way,  by  the 
aid  of  charts,  pictures,  projections  and 
light  rays  the  occasion  assumed  the 
nature  of  an  entertainment  as  much  as 
of  instruction.  N.  W.  Gifford,  chairman 
of  the  section,  presided. 

Professor  Chaffee  demonstrated  how 
easy  it  is  to  camouflage  by  the  manipula- 
tion of  colors,  since  it  is  in  the  nature 
of  colors  to  reflect  certain  color  rays  and 
conceal  others.  In  one  of  these  demon- 
strations he  focused  a  ray  of  light  upon 
large  pasteboard  and  the  letters  "H.  U." 
were  seen  on  the  board,  and  when 
he  filtered  the  ray  through  another  plate 
which  changed  the  color  the  "H.  U." 
vanished  and  the  letters  "Phy.  Lab."  ap- 
peared in  their  place.  Both  these  groups 
of  letters  had  been  painted  on  the  paste- 
board, but  they  could  be  concealed  or 
made  visible  by  the  use  of  the  light. 
Similarly  one  stream  of  light  gave  the 
impression  that  the  paper  suspended  in 
the  air  was  pure  white,  but  when  an- 
other ray  was  focused  on  it  the  picture 
of  a  horse  that  had  been  painted  on  the 
paper  became  visible  while  still  another 
light  gave  visibility  only  to  the  paint  that 
outlined  the  skeleton  of  the  horse.  These 
principles  were  applied  by  the  camou- 
flage divisions  in  the  World  War  to  con- 
ceal the  identity  of  airplanes,  searchlights 
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subduing  some  o£  the  colors  and  giving 
reality  to  other  designs  that  otherwise 
were  invisible. 

Problems  of  this  type  were  demon- 
strated and  discussed  for  more  than  an 
hour,  bringing  out  many  principles  that 
were  new  and  interesting  to  the  audience. 

NEW   YORK. 
Meeting— April,  1921. 

At  the  April  14th  meeting  of  the  New 
York  Section  the  subject  "Use  of  Light 
in  the  Surgical,  Dental  and  Opthalmolo- 
gical  Professions"  was   discussed. 

Dr.  Louisa  P.  Tingley  read  a  paper 
treating  of  the  methods  /of  illumination 
used  in  these  fields,  based  largely  on 
the  replies  to  a  number  of  question- 
naires she  had  sent  out.  The  subject 
was  treated  in  detail  and  evidenced  con- 
siderable work  and  research  on  the  part 
of  Dr.  Tingley. 

"The  Lighting  of  Hospitals  and  Op- 
erating Rooms"  was  covered  by  Mr. 
Davis  H.  Tuck.  He  found  through  in- 
vestigation of  a  number  of  installations 
that  the  problem  in  this  case  parallelles 
that  of  industrial' lighting,  in  that  the 
results  to  be  obtained  are  identical  in 
the  fundamental  requirements.  He  ex- 
pressed the  belief  that  a  general  higher 
intensity  of  illumination  from  indirect 
sources  is  the  most  desirable  method. 

"The  Lighting  of  Electro  Surgical  In- 
struments" was  reviewed  by  Dr.  Thor- 
vald  Maijgren,  who  mentioned  some  of 
the  more  important  developments  ac- 
complished in  this  line  since  1898.  He 
expressed  the  opinion  that  the  principal 
progress  in  the  future  would  be  accomp- 
lished in  the  way  of  transillumination 
through  stronger  light  with  greater  pene- 
tration into  the  various  tissues  of  the 
living  body.  He  closed  with  the  state- 
ment. "I  wish  to  assert  that  in  all  hu- 
man history  no  lamp  ever  invented  has 


contributed  so  much  to  the  welfare 
of  the  race;  has  done  so  much  to  alle- 
viate suffering  and  preserve  human  life 
as  the  surgical  lamp." 

Dr.  Percy  Russell  read  a  paper  on 
Artificial  Lighting  in  Dentistry."  He 
mentioned  three  methods  of  illumina- 
tion for  this  purpose,  as  follows :  gen- 
eral lighting  to  supplement  daylight,  or 
take  its  place  entirely;  to  generate  light 
within  the  mouth  for  viewing  surfaces 
by  light  reflected  from  them ;  to  gen- 
erate light  within  the  mouth  for  viewing 
tissues  by  light  transmitted  through  them. 
In  view  of  the  very  serious  shortcomings 
of  present  illuminators  of  all  three 
forms,  it  is  hoped  by  the  profession  that 
improvements  will  soon  be  forthcoming. 
Important  points  for  consideration  are 
heat  and  color  of  light  size  and  cost  of 
illuminant. 

At   the   meeting   were   present   ninety 
members,    and    seventy    invited    guests 
of  the  medical  profession. 
Meeting— May,   1921. 

The  "Lighting  of  School  Buildings" 
was  the  subject  for  the  May  meeting. 
In  reviewing  the  subject  Dr.  William  A. 
Howe,  of  the  New  York  State  Board  of 
Education,  stated  that  some  of  the  fun- 
damentals required  by  the  general  scheme 
of  health  service  are  closely  related  to 
illumination,  especially  as  from  8  to  15 
per  cent  of  children  acquire  defective 
vision  in  the  first  few  years  of  school. 
He  called  upon  the  illuminating  engineer 
to  solve  this  most  important  problem. 

Dr.  Howe  then  read  a  paper  on  the 
subject  for  Dr.  Frank  H.  Wood  of  the 
State  Board,  who  was  unable  to  attend 
the  meeting.  An  important  point  brought 
out  was  the  requirements  of  window 
spacing  in  relation  to  floor  area.  Many 
difiiculties  to  be  overcome  in  order  to 
accomplish  the  desired  results  were  re- 
viewed. 
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ILLUMINATION  INDEX. 

Prepared  by  the  Co.mmittek  on  Progress. 


Academic  Dei  Sincei  Roma,  1919 

Luminous  Oscillations  in  the  Ncnv  In- 
candescent Lamps — 

American  Gas  Journal 

Proper  Maintenance  of  Lighting  In- 
stallations Necessary — 

Archif  f.  d.  Ges.  Psychologie 

Der  Metallglanz  und  die  Farbe  der 
Metalle — 

Boot  and  Shoe  Recorder 

Lighting  of  Show  Windows  and  Shoe 
Cases  in  Shoe  Stores — 

British  Journal  of  Psychology 

A  Alinor  Study  of  Nyctopsis.    (bright- 
ness)— 
A  method  of  Measuring  Nyctopsis.  with 
Some  Results — 

Buildings  and  Building  Management 
Light  in  Dark  Places — 
How  to  Get  the  Best  Lighting  for  Of- 
fice Buildings — 

Central  Station 

Studies     in    the    Applied     Science     of 

Light- 
Tungsten  Switchboard  Lamps — 

Electrical  Merchandising 

The  work  of  the  Lighting  Sales  Bureau 
(N.  E.  L.  A.).  Reviewed  by  Chair- 
man Hogue — 

Electrical  News 

Survey  of   Store   and   Window   Light- 
ing- 
Electrical  Review  (XJ.  S.) 

Street  Lighting  and  its  Eflfect  on  Pro- 
perty Values — 

Developing  Policy  in  Lighting- Fixture 
Industry 

Practical  Designs  Eessential  to  Fix- 
ture Industry — 


DATE 

PAGE 

192 1 

230 

Charles  E.  Blood 

May  7 

409 

A.  Kirschman 

Mar.  22 

90 

W.  H.  Rademacher 

J.  C.  Flugel 
LI.  W^ynn  Jones 

R.  Trautschold 
R.  Trautschold 


E.  L.  Elliott 
E.  E.  Dorting 


C.  H.  Shepherd 
Charles  E.  \'erhunce 
V.  D.  Green 


Feb.  5  35 

April  288 

April  299 

]\Iar.  7  21 

IMay  2  20 


May  335 

May  349 


June  296 

June  I  44 

May  14  759 

May  14  764 

May  14  765 
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Special  Illumination  Planned  as  Con- 
vention Feature — 

Co-operation  between  Architects  and 
Fixture  Men — 

Lighting  Requirements  in  Modern  Din- 
ing Room — 

Safety  Features  of  Industrial  Light- 
ing- 
Colored  Lighting  Equipment  and  its 
Applications — 

Illuminating  Laboratory  Research  and 
Developments — 

Proper  Illumination  Intensities — 

Lighting       Improvements       in       Small 

Towns — 

Searchlights  and  Air  Service — 

Electrical  Record 

Value  of  Modern  Systems  of  Illumin- 
ation is  Proved  in  Exhibit  Given 
Under  Auspices  of  the  Electric 
League  of  Pittsburgh — 

Comfort,  Convenience  and  Art  Com- 
bined in  Latest  House  Lighting 
Devices — 

Electrical  Times 

Early  Days  of  the  Electrical  Industry — 
Lighting  of  Food  Factories — 

Electrical  World 

Preservation    of    Laboratory    Mirrors. 

(Correspondence)  — 
Need  for  Scientific  Research  on  Large 

Scale  Urged — 
The  Trend  of  Practice  in  Ornamental 

Street  Lighting — 
Globeless   Street   Lighting  Unit — 

Electrician 

Ship  Lighting— 
Elektrotechnische  Zeitschrlft 

l)l)cr  den  Lichtbogcn  mit  Beheizten 
Elektroden — 
Elektrotechnischer  Anzeiger 

Einc  ncuartigc  Bogcnlampe — 
Die  Bclcuchtiingstcchnik  auf  der  Leip- 
ziger   Friihjahrsmesse    1921 — 


May  14 

767 

May  14 

769 

F.  W.  Mathieu 

May  14 

771 

Samuel  G.  Hibben 

May  14 

773 

Frank  B.  Rae,  Jr. 

May  14 

in 

W.  D'A.  Ryan 

May  14 
May  14 

779 
782 

May  14 
May  28 

782 
87s 

D.  Paul  Lockard 


May 


June 


293 


364 


Apr.  21 

379 

April  21 

390 

Louis  Bell 

May  21 

1165 

May  21 

1 182 

Arthur  J.  Sweet 

May  28 

1247 

June  18 

1430 

May  6        540 


Wilhelm  Mathiesen 

Apr.  14 

375 

Albert  Bcncke 

Mar.  30 

289 

P.  Max  Grempe 

Apr.  7 

332 
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Fortschrittc     in     der     Gliihlampenfab- 

rikation — 
Neon  und  Neonlampen. 
Neon    und    Neonlampen.    (Schlusz    aus 

Nr.  60.)  — 
Die   Ablagerung  von   Staub     auf     der 

Gliihlampenbirnc — 

Elektrotechnik   und   Maschinenbau 
Altes  und  Neues  vom  Reflektor — 

Furniture  Index 

Illumination  of  the  Store  Bears  a  Di- 
rect Relation  to  its  Success — 

Gas  Journal 

Light  from  Ounces  of  Coal. 
(Comparison  of  Gas  and  Electricity.) 

Gas  und  Wasserfach 

Sicherheitslampen     und  ihr     Gebrauch 
in  Kohlengruben.     (Coal  Ind.,  Bd. 
3,   Nov.   u.   Dez.    1920,   s.   519,   558, 
569)- 
General  Electric  Review 

The  Motion  Picture  Industry' — 

Illuminating  Engineer 

The  Use  and  Abuse  of  Light  in  Studios 
for  Kinema  Film  Production — 

Journal  of  Electricity 

Better      Industrial      and      Commercial 

Lighting— 
What  Better  Illumination  Means  to  the 

Business   Man — 
Journal  of  the  Optical  Society  of  America 
The     Glarimeter,    an    Instrument    for 

Measuring  the  Gloss  of  Paper- 
Optical    Determination     of     Stress    in 

Transparent  Materials — 

Journal  de  Physique  et  le  Radium 
L'etat  actuel  de  la  pyrometrie — 
Determination  quantitative  de  I'absorp- 

tion  de  la  lumiere  par  une  solution 

de     permanganate     de     potassium. 

{Arch.   Sc.   phys.   Nat.,  2,   1920,   p. 

241.)— 


Hans  Bourquin 
Hans  Bourquin 


R.  W.  Peden 


W.  G.  Burroughs 

I.  M.  Day  and 
S.  C.  Leibing 


J.  C.  Elvy 

R.  M.  Alvord 
A.  W.  Child 

L.  R.  Ingersoll 
A.  L.  Kimball,  Jr. 

H.  Weiss 


Hagenbach  and 
Perzy 


Apr.  9  336 

Apr.  16  369 

Apr.  19  381 

Apr.  19  382 


N.  A.  Halbertsma  Mar.  13        125 


Feb.  Ill 


May  25       427 


Mar.  26  211 

June  566 

Feb.  32 

May  15  480 

May  15  483 

May  213 

May  279 

Feb.  33 

Feb.  34D 
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Kolloid-Zeitschrift 

Ein    einfaches    Tyndallphotometer    fur 
Koagulationsstudien. 
Lichte  und  Lampe 

Der   Gliihkorper   und   der   Krieg — 

Der  Hohlraumstrahler  als  L,ichten- 
heit— 

Monthly  Weather  Review 

Sunlight  Engineering.  (Jour.  Roy.  As- 
tronomical Soc.  Canada,  May, 
1920)  — 

national  Clothier 

Lighting  of  Show  Windows  and  Show 
Cases  in  Small  Stores — 

Physikalische  Berichte 

tjber  eine  konstante  Lichtquelle  mit 
kontinuierlichem  ultra-violetten 

Spektrum.  (Zs.  f.  techs.  Phys..,  1, 
s.  224,  1920)  — 

tJber  Helligkeit  und  Helligkeitsemp- 
findung.  (D.  Opt.  IVochenschrift 
7,  s.   17,   1921)  — 

Die  Farbenpsychologie.  (Dtsch.  Psy- 
chol. 3,  s.  I,  1920)  — 

Erfahrung  und  Versucne  mit  den  Pho- 
tozellen  des  Potsdamer  Observ- 
atoriums.  Ber.  Preusz.  Meterol. 
Inst.  f.  d.  J.  1917,  1918,  1919,  101- 
III,  1920,  Nr.  305.)— 

The  Theory  of  Vision.  {British  Jour- 
nal of  Ophthalmology,  4,  p.  409, 
1920) — 

Farbensinn,  Farbenblindheit,  Farben- 
untiJchtigkeit.  (£>.  Opt.  Wochen- 
schr.  7,  s.  51,  1921)  — 

Powergrams 

Incandescent  Lamp,  Its  History — 

Railway  Electrical  Engineer 
Enginchouse  Lighting — 
Lighting  Fixture  Cleaning  Periods — 
Enginchouse    Lighting    on    the    Boston 

&  Albany — 
Enginchouse    Lighting    on    the    Lehigh 

&  Hudson — 


F.  Sekera 


H.  L.  Seymour 


F.  B.  Dean 


G.  Gehlhoff 

Hans  Schulz 
W.  Ostwald 


W.  Kiihl 


April  172 

Mar.  24  144 

Apr.  21  192 

Feb.  93 

Feb.  17  57 

II,  No.  5  273 

II,  No.  5  281 

II,  No.  5  281 


II,  No.  7     424 
F.  W.  Edridge-Green    II,  No.  7    425 


E.  O.  Rasser 
Henry  Schroeder 


ll,  No.  7  425 

March  i 

May  179 

May  180 

May  183 

May  183 
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Efficiency  and  Life  of  Lamps —  June  220 

Merits  and  Costs  of  Gas  and  Electric 

Car  Lighting  Systems —  June  235 

Revue  Generale  de  L'Electricite 

Photometre  instantanc  pour  I'essai  des 
lampes  de  signalisation.  {Engineer- 
ing, 111,  p.  104,  Jan.  28,  1921)  — 
Procedes  employes  dans  I'etirage 
des  filaments  de  tungstene.  (Chimie 
et  Industrie,  fevrier  1921,  p.  176)  — 

Safety  Engineering 

Industrial  Lighting  Equipment  and  Its 
Maintenance — 


Science 

Primitive  Notions  of  Light — 
The   Inaugural   Address   of   the   Pres- 
ident of  the  Massachusetts  Institute 
of  Technology- — 

Science  Abstracts 

Colour  Vision  and  Colour  Blindness : 
New  Spectrometer — 

Scientific  Paper  No.  412,  Bureau  of  Stand- 
ards 

Spectrophotoelectrical  Sensitivity  of 
Proustite — 

Technical  Review 

A  New  Type  of  Lamp  for  Stage  Light- 
ing. (A.  E.  G.  Mitieilungen,  Dec. 
1920)  — 


A.  Ohnstein 

S.  G.  Hibben 
Irwin  G.  Priest 


Apr.  23     129D 
May  14     160D 

Jan.  13 

May  27      499 


Ernest  Fox  Nichols      June  10      523 


F.  W.  Edridge-Green    Apr.  30       265 


W.  W.  Coblentz 


F.  Helmreich 


Apr.  9 


May  17        no 
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THE  MEASUREMENT  OF  COLOR* 


BY  DR.  C.   E.  K,  MEES 


The  methods  of  measuring  color  fall  into  two  distinct  classes, 
according  to  whether  we  wish  to  measure  the  sensation  of  the 
color  produced  upon  the  observer,  or  the  means  by  which  that 
sensation  is  produced.  When  we  wish  to  study  the  finished 
product,  we  need  to  measure  the  sensation;  thus,  it  is  necessary 
to  have  a  convenient  method  of  measuring  the  color  of  a  ribbon 
so  as  to  match  the  ribbon  at  some  future  time,  if  we  are  manu- 
facturing ribbons  of  a  definite  shade,  a  method  of  measuring  and 
specifying  that  color  is  necessary.  But  if  we  are  dyeing  ribbon, 
we  shall  be  doing  it  by  means  of  dyes,  and  it  is  necessary  to  have 
a  method  of  measuring  the  amount  of  coloring  power  which  the 
dyes  have.  This  should  be  done  independently  of  the  color  which 
they  produce  upon  the  goods  when  they  are  finished  and  in  terms 
which  can  be  translated  at  once  into  the  weight  of  dye  which  it 
is  necessary  to  use. 

When  measuring  the  amount  of  material  which  produces  the 
sensation  of  color,  we  must  use  analytical  methods  owing  to  the 
composite  nature  of  the  light  with  which  we  have  to  deal,  while 
when  we  are  dealing  with  the  sensation  of  color  produced,  syn- 
thetic methods  of  measurements  must  be  employed.  The  an- 
alytical instrument  used  for  studying  the  properties  of  colored 
objects  is  the  spectroscope,  which  splits  up  the  light  into  a  band 
of  color  the  intensity  of  which  can  be  measured.  The  form  of 
spectroscope  which  is  used  is  termed  a  spectrophotometer.  By 
means  of  the  spectrophotometer,  curves  of  absorption  of  the  light 
can  be  obtained,  and  from  those  curves  the  amount  of  colored 
matter  present  can  be  read  directly.  The  spectrophotometer  can 
thus  be  used  for  determining  the  amount  of  dye  present  in  a 
given  sample,  for  analyzing  a  sample  of  dye  into  its  components 
should  there  be  two  different  dyes  present,  and  for  detecting  any 
impurity  present  in  a  sample.  It  can  also  be  used  in  chemical 
work  for  studying  any  chemical  reaction  in  which  the  components 
taking  part  are  colored. 

♦Abstract  of  paper  delivered  before  tlie  American  Chemical  Society,  Rocliester,  April, 
1921. 
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The  instrument  of  measuring  the  sensation  of  color  produced 
is  known  as  a  colorimeter.  Various  forms  of  colorimeters  are 
known,  most  convenient  instruments  being  those  which  depend 
upon  the  colors  of  the  spectrum  itself,  defining  the  color  of  an 
object  in  terms  of  its  dominant  hue,  corresponding  to  a  given 
position  in  the  spectrum.  Any  color  may  then  be  defined  in  terms 
of  the  spectral  position  of  its  dominant  hue  and  of  the  amount 
of  white  light  which  must  be  mixed  with  the  spectral  color  to 
match  the  color  in  question.  Thus,  in  order  to  measure  a  green 
tinted  paper,  we  place  the  paper  so  that  the  light  reflected  from 
it  falls  into  the  colorimeter.  In  the  instrument  we  see  one  part 
of  the  field  filled  with  green  light  from  the  colored  paper  and  the 
other  part  of  the  field  can  be  illuminated  by  means  of  a  spectrum 
to  which  can  be  added  any  proportion  of  white  light  that  is  re- 
quired. We  change  the  spectral  light  by  means  of  a  drum  until 
the  hue  appears  approximately  right,  and  then  add  white  light 
until  a  match  is  obtained  between  the  two  fields  seen  in  the  in- 
strument. The  dominant  hue  is  now  read  off  directly  from  the 
spectral  drum  and  the  percentage  of  admixed  white  added  is 
measured  photometrically  in  the  instrument. 

This  form  of  colorimeter  is  suitable  primarily  for  use  in  the 
laboratory,  and  for  use  in  the  w^orks  more  rugged  and  simple  in- 
struments have  been  designed,  the  latest  being  a  subtractive  in- 
strument designed  in  the  research  laboratory  of  the  Eastman 
Kodak  Company  w'hich  is  based  on  the  use  of  colored  wedges, 
each  wedge  absorbing  one-third  of  the  color  of  the  spectrum,  so 
that  the  three  wedges  are  yellow,  blue-green,  and  magenta  in 
color,  the  yellow  wedge  absorbing  the  blue  light,  the  magenta  the 
green  light,  and  the  blue  the  red  light.  When  these  wedges  are 
placed  over  each  other  in  pairs,  they  will  match  any  color  pro- 
vided that  the  intensity  is  adjusted  at  the  same  time  by  the  use  of 
a  neutral  gray  wedge  which  is  supplied  as  the  fourth  wedge  of 
the  instrument.  The  instrument  is  made  with  a  number  of  at- 
tachments according  to  the  purpose  for  which  it  is  required,  so 
that  colored  solutions,  colored  glasses,  or  colored  piginents  can  all 
be  measured  by  suitable  attachments.  A  modified  form  of  the 
instrument  has  been  designed  for  use  in  measuring  vegetable  oils 
and  especially  for  the  use  with  cottonseed  oil. 

There  is  no  doubt  that  colorimeters  are  just  beginning  to  be 
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used  in  the  industries  and  that  their  use  will  rapidly  increase, 
especially  in  the  chemical  industries.  At  the  same  time,  the 
analytical  measurement  of  color  by  means  of  the  spectrophoto- 
meter will  find  many  applications  which  are  not  at  present  ap- 
parent. 


THE  RESPONSE  OF  THE  AVERAGE  PUPIL  TO 
VARIOUS  INTENSITIES  OF  LIGHT* 


BY  PRENTICE  REEVES 


In  the  first  part  of  the  experiment  instantaneous  flashlight 
photographs  were  taken  of  two  observers  for  eight  brightness 
levels  including  total  darkness  at  one  end  and  the  just  tolerable 
reflection  of  sunlight  from  white  drawing  paper  at  the  other  end. 
The  effect  of  exposing  one  or  both  eyes  to  each  brightness  level 
was  shown  with  both  observers. 

From  these  results  six  brightness  levels  were  chosen,  and  the 
pupils  of  six  observers  were  measured,  one  of  the  first  observers 
being  used  in  this  series  as  a  check  of  the  method. 

By  taking  motion  pictures  of  an  eye,  the  rates  of  opening 
and  closing  of  the  pupil  were  measured  as  the  pupil  closed  from 
its  maximum  opening  to  the  minimum  and  as  it  opened  from  the 
minimum  to  the  maximum. 

The  average  pupil  contracts  in  less  than  five  seconds  and  the 
greater  part  of  the  contraction  occurs  within  the  first  two  seconds. 
The  same  number  of  minutes  are  required  for  the  same  pupil  to 
expand. 

The  curves  plotted  for  the  different  observers  are  similar 
in  shape,  although  the  values  show  marked  individual  differences 
between  observers. 

♦Abstract  irovn.  Journal  oi  the  Optical  Society,  p.  35-43,  4,  March,  1920. 
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Henry  W.  Morgan — Chamber  of  Commerce. 
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SUB-COMMITTEES 
Finance  Committee  Attendance    and    Local    Arrangements 

Robert  M.  Searle,  Chairman  Committee 
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Further  Standardization  of  Nomenclature 

Committee  on  Nomenclature  and  Standards  (A.  E.  Kennelly,  Chairman) 
The  Paris  Meeting  of  the  International  Commission  on  Illumination 

Edward  P.  Hyde 
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Committee  on  Lighting  Legislation   (L.  B.  Marks,  Chairman) 


TRANSACTIONS  I.  E.  S. — PART  1.  VOL.  XVI,  NO.  6,  AUG.  30,   1 92 1  81 

TUESDAY,  SEPTEMBER  27,  9:30 A.  M. 

Pathological  Eflfects  of  Radiation  on  the  Eye Louis  Bell  and  F.  H.  Verhoeff 

The  Effect  of  Variations  of  Visual  Angle  and  Intensity  and  Composition  of 

Light  on  Important  Ocular  Functions C.  E.  Ferree  and  Gertrude  Rand 
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The  Code  of  Fixture  Design  and  Installation 
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Animal  Light   E.   Newton  Harvey 

Luminescence  as  a  Factor  in  Artificial  Lighting  Edward  L.  Nichols 

WEDNESDAY,  SEPTEMBER  28,  9:15  A.  M. 
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Committee  on  Motor  Vehicle  Lighting  (C.  H.  Sharp,  Chair matn 
A  Determination  by  Various  Drivers  of  the  Desired  Road  Illumination  from 

Automobile  Headlamps H.  H.  Alagdsick  and  R.  N.  Falge 

Motor  Vehicle  Headlighting  in  Massachusetts A.  W.  Devine 

The  Theory  of  the  Flicker  Photometer   A.  H.  Taylor 

Paints   for  Integrating   Spheres A.   H.    Taylor 

Interlaboratory  Photometric  Measurements  of  Gas  Filled  Tungsten  Lamps 

F.  E.  Cady  and  W.  E.  Forsj'tlie 

THURSDAY,  SEPTEMBER  29,  9:15  A.  M. 

Illuminating  Engineering  Factors  in  Electric  Sign  Design C.  A.  Atherton 

Illumination  and  Traffic  Accidents — Statistics  from  Thirty-two  Cities 

E.  A.  Anderson  and  O.  F.  Haas 
Merchandising  Illumination W.  L.  Goodwin 

THURSDAY,  SEPTEMBER  29,  2:15  P.  M. 

The  Lighting  of  Public  Buildings A.  L.  Powell  and  E.  Parker 

Recent  Departures  from  the  Usual  Methods  in  Lighting  Public  Spaces  and 

Offices  A.  D.  Curtis  and  J.  L.  Stair 

The  Lighting  of  Clothing  Factories A.  B.  Oday  and  R.  W.  Peden 

CLOSING  FORMALITIES 

Induction  of  President-Elect Dr.   George   S.   Crampton 
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COUNCIL  NOTES 

Upon  recommendation  of  the  Board 
of  Examiners  the  following  were 
elected  to  membership  at  the  July  14th 
meeting  of  the  Executive  Committee: 

Seven  Members 

Cyrus  Barnes, 

General  Sales  Manager, 
Charles  H.  Tenney  &  Co., 
201  Devonshire  St., 
Boston,  Mass. 

Wai^ter  V.  Batson, 

Consulting  Elec.  Engineer, 
Hollis  French  &  Allen  Hubbard, 
210  South  St., 
Boston,  Mass. 

Ward  F.  Davidson, 

Asst.  Prof,  of  Elec.  Engineering, 
University  of  Michigan, 
268  Engineering  Building, 
Ann  Arbor,  Mich. 

AivBERT  Edward  Goodchii.d, 
Manager, 

Fred  J.  Smith,  Elec.  Contractors, 
128  St.  Peters  Street, 
Montreal,  Canada. 

E.  J.  Spencer, 

Secretary-Manager, 

St.  Louis  Electric  Board  of  Trade, 
1298  Arcade  Bldg., 
St.  Louis,  Mo. 

Clyde  P.  Trueax, 

Treasurer  and  Elec.  Engineer, 
Wolf,  Sexton,  Harper  &  Trueax, 
Inc., 
7  N.  Madison  St., 
Chicago,  111. 

R.  F.  Whitney, 

First    Vice-President    and    General 
Manager, 

Fall  River  Electric  Light  Co., 
Fall  River,  Mass. 


Four  Associate  Members 

Alfred  W.  Beuttell, 
A.  W.  Beuttell,  Ltd., 
Grafton  Road  Works, 
Perren  Street  N.  W.  5, 
Kentish  Town,  London, 
England. 

Yutaka  Fukuda, 

Electrical  Engineer, 
Japan  Hydraulic  Power  Co.,  Ltd., 
Tokyo,  Japan. 

Gates  Harpel, 

Commercial  Engineer, 
Westinghouse   Electric   and   Mfg. 
Co., 

George  Cutter  Works, 
South  Bend,  Ind. 

Charles  J.  Stahl, 

Commercial  Engineer, 
Westinghouse   Electric   and   Mfg. 
Co., 
Notre  Dame  and  Division  Sts., 
South  Bend,  Ind. 

Three  Sustaining  Members 

Reliance  Metal  Spinning  and  Stamp- 
ing Co., 

160  John  Street, 
Brooklyn,  N.  Y. 

SociETA  Idroelettrica  Piemonte, 

Turin,  Italy. 
R.  Williamson  and  Lo., 

Washington   and   Jefferson    Sts., 
Chicago,  111. 

Confirmation  of  Appointments 

The  appointment  of  W.  R.  M'Coy  to 
serve  as  a  member  of  the  Board  of  Ex- 
aminers for  the  balance  of  the  fiscal 
year  was  confirmed. 

Society  Headquarters 

General  Secretary  Law  reported  that 
the  matter  of  Society  headquarters  had 
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been  arranged,  and  that  the  General 
Offices  would  be  moved  on  or  about 
July    15,    1921,    to    Room    1605    of    the 

Engineering  Societies  Building. 

Resolution  regarding  death  of  Dr. 
Edward  B.  Rosa 

The  following  resolution  regarding 
the  death  of  Dr.  Edward  B.  Rosa  was 
adopted  and  ordered  incorporated  in  the 
regular  minutes  of  the  Society : 

Where.\s,  the  death  of  Dr.  Edward 
B.  Rosa  removes  from  our  membership 
a  distinguished  member  and  a  steadfast 
supporter  of  the  Illuminating  Engineer- 
ing Society,  who  has  served  at  various 
times  as  Director,  as  Chairman  of  tech- 
nical committees  and  as  a  contributor 
to  the  proceedings  of  the  Society,  and 
Whereas,  his  loss  is  deeply  felt  by  the 
officers.  Council  and  membership  of  the 
Societj', 

Therefore  Be  It 

Resolved,  that  the  Council  of  the  Illum- 
inating Engineering  Society  expresses 
its  profound  regret  and  sorrow  at  the 
death  of  Dr.  Rosa  and  extends  its 
sympathy  'and  condolences  to  the  be- 
reaved family. 

NEWS  ITEMS 

Belgium  Honors  General  Harries 

Brig.-Gen.  George  H.  Harries,  head  ol 
the  allied  commission  in  charge  of 
prisoners  of  war  in  Germany  after  the 
armistice,  has  been  decorated  with  the 
Order  of  Leopold  by  the  Belgian  am- 
bassador. Baron  de  Cartier,  in  recogni- 
tion of  his  services  in  behalf  of  Belgian 
prisoners.  The  ceremony  took  place 
July  22,  1921,  at  the  Belgian  embassy. 

Ohio  Adopts  Headlighting  Law 

A  law  was  passed  at  the  recent  session 
of  the  Ohio  Legislature  requiring  in  a 
general    way    automobile    head    lighting 


devices  to  give  adequate  road  illumina- 
tion and  to  avoid  glare.  The  approval 
of  devices  was  placed  in  the  hands  of 
the  State  Highway  Commissioner,  Mr. 
L.  C.  Herrick.  Mr.  Herrick  has  ap- 
pointed Professor  F.  C.  Caldwell  of  the 
Ohio  State  University,  Chairman  of  a 
committee  of  five  to  draw  up  specifica- 
tions interpretating  the  law.  It  is  ex- 
pected that  these  specifications  will  fol- 
low closely  those  of  the  Society.  Mr. 
Herrick  has  also  asked  for  the  coopera- 
tion of  the  Ohio  Engineering  Experi- 
ment Station  in  the  necessary  testing  and 
approval  of  head  lighting  devices.  This 
work  will  also  be  under  Professor  Cald- 
well's direction.  The  law  goes  into 
effect  on  August   i6th. 


COLOR  AND  ITS  APPLICATION. 

M.  Luckiesh,  of  Nela  Research  Lab- 
oratories has  revised  his  book  on  "Color 
and  its  Application."  The  treatise  will 
be  helpful  to  those  interested  in  any  of 
the  arts  involving  the  science  of  color. 
The  object  of  this  book  is  not  only  to 
discuss  the  many  applications  of  color, 
but  to  establish  a  sound  scientific  basis 
for  these  applications.  It  is  a  discus- 
sion of  light  in  relation  to  color, 
and  the  production,  measurement  and 
analysis  of  color.  Considerable  at- 
tention is  given  to  the  relation  of  color 
and  vision,  the  physiological  and 
psychological  phenomena  of  vision  be- 
ing of  great  importance  in  every  applica- 
tion of  color.  The  book  is  authorita- 
tive and  well  illustrated,  and  for  this 
new  second  edition  some  changes  have 
been  made  in  the  original  text,  and  an 
extensive  chapter  of  useful  data  and 
methods  for  their  use  has  been  added. 
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SEARCHUGHT  EQUIPMENT  FOR  MOTOR  BOATS* 


BY    MILO   C.    CAUGHREAN** 


The  requirements  for  motor  boat  lighting  in  Southeastern 
Alaska  led  the  author  to  study  this  problem.  He  found  the  re- 
quirements to  be  clear  discernment  of  objects  at  about  1000  feet 
with  a  minimum  amount  of  stray  light.  For  practical  reasons 
the  source  should  be  of  as  low  voltage  and  amperage  as  possible. 
The  author's  attempts  to  fulfill  these  requirements  led  to  the 
adoption  of  an  incandescent  electric  lamp  having  a  concentrated 
filament  at  the  focal  point  of  a  spherical  sector  reflecting  shell  or 
shield.  The  sperical  mirror  is  so  placed  as  to  obstruct  direct 
light  from  the  filament  while  reenforcing  the  latter's  light  output 
in  the  familiar  manner. 

•Abstract  of  paper  presented  before  the  San  Francisco  Bays  Cities  Chapter,  March  23,  1921. 
*♦  Caughrean  Fedderson  Corp.,  Ketchikan,  Alaska. 
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A  UNIVERSAL  PHOTOMETER  WITHOUT 
DIFFUSING  SCREEN* 


BY   H.    BUISSON   AND   CH.    I' AERY 


This  apparatus  which  is  intended  primarily  for  the  photo- 
metry of  very  distant  or  very  feeble  sources  of  light,  is  illustrated 
in  the  figure. 

The  light  from  the  source  to  be  measured  passes  through 
the  Lummer-Brodhun  cube  K  and  by  the  lens  O  an  image  of  the 
source  is  formed  in  the  center  of  the  ocular  diaphragm  E.  which 
has  an  aperture  of  4  mm.  Similarly  an  image  of  the  comparison 
lamp  L  is  formed  at  the  same  point.    The  eye  placed  at  E  then 


Cross- sectional  View  of  Photometer. 

sees  the  two  portions  of  the  Eummer  cube  illuminated  in  the 
ordinary  manner,  but  at  a  far  higher  intensity  than  would  be 
possible  if  diffusing  screens  had  been  interposed.  Photometric 
measurements  are  made  by  the  aid  of  the  photometric  absorbing 
wedge  C,  the  scale  of  which  can  be  extended  by  the  use  of  ab- 
sorbing glasses  R  and  R'.  The  scale  attached  to  the  wedge  C  is 
read  through  the  reading  glass  V,  being    seen  against    a  white 

*  Abstract  from  iha  Journal  dc  Physique,  1920,  p.  25. 
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illuminated  background  at  B.  The  total  range  of  the  instrument 
is  said  to  be  from  100,000  to  i.  The  advantage  which  the  arrange- 
ment has  over  photometers  using  a  diffusing  screen  is  illustrated 
by  the  statement  that  a  source  of  50  candles  placed  at  100  meters 
gives  a  field  photometrically  as  bright  as  a  white  screen  receiving 
20  \ux.  The  light  from  Sirius  has  been  measured  and  found 
to  give  an  illumination  of  about  G.io"**  lux.  It  is  stated  that  all 
the  other  ordinary  measurements  of  photometry  can  be  made  with 
this  instrument. 

REFLECTION  CHARACTERISTICS  OF 
PROJECTION  SCREENS 


BY  LOYD  A.  JOXES* 


In  this  paper,  which  was  presented  before  the  Society  of 
Motion  Picture  Engineers  in  October,  1920,  it  was  pointed  out 
that  in  a  rriotion  picture  installation  the  projection  screen  is  an 
important  factor  in  the  ultimate  efficiency  of  operation  and  while 
some  attention  has  been  given  to  the  perfection  of  screen  sur- 
faces little  quantitative  data  are  available  relative  to  their  re- 
flection characteristics.  In  order  to  facilitate  the  measurement  of 
these  characteristics  a  special  goniophotometer  was  designed  and 
constructed.  This  Instrument  is  described  and  illustrated  by 
diagrams  and  photographs.  The  method  of  making  the  measure- 
ments and  of  expressing  the  results  are  discussed.  Complete 
distribution  curves  showing  the  distribution  of  the  reflected  light 
are  given  for  some  thirty-six  different  surfaces,  the  greater  ma- 
jority of  which  are  commercial  screens  used  in  the  motion  picture 
industry.  Data  on  several  well-known  surfaces  such  as  mag- 
nesium carbonate,  opal  glass,  white  blotting  paper,  etc.,  are  given 
for  the  sake  of  comparison.  All  reflecting  powers  are  expressed 
in  terms  of  the  reflecting  power  of  magnesium  carbonate  with 
normal  illumination  and  observation  as  100  per  cent. 

An  examination  of  the  data  shows  that  the  screens  con- 
sidered may  be  roughly  grouped  into  three  general  classes  which 
may  be  specified  as  follows — Class  A  includes  those  which  re- 

*  Eastman  Kodack  Co.,  Rochester,  N.  Y. 
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fleet  a  large  portion  of  the  incident  light  within  a  very  narrow 
angle  and  very  little  light  at  greater  angles.  Class  B  includes  the 
screens  which  are  intermediate  between  the  screens  represented 
in  Classes  A  and  B.  Class  C  includes  those  screens  which  give 
almost  complete  diffusion  of  the  incident  light.  No  attempt  is 
made  to  draw  a  sharp  line  of  demarcation  between  these  three 
classes.  The  names  "specular,"  "semi-diffuse,"  and  "diffuse" 
may  be  conveniently  applied  to  Classes  A,  B,  and  C,  respectively. 
Tables  are  given  in  which  the  ratio  of  the  screen  brightness 
when  viewed  normally  and  that  when  viewed  at  some  particular 
angle  is  tabulated.  It  is  assumed  that  this  ratio  should  not  be 
greater  than  4  and  on  this  assumption  it  is  possible  to  choose  the 
screens  suitable  for  a  given  installation.  The  mean  reflecting 
power  of  the  various  screens  for  certain  angular  deviations  from 
the  normal  are  also  computed  and  tabulated.  For  a  given  in- 
stallation in  which  the  maximum  angle  of  view  is  known,  it  is, 
therefore,  possible  to  choose  the  screen  which  will  give  the  max- 
imum efficiency  with  a  satisfactory  brightness  distribution.  The 
data  given  in  this  paper  apply  only  to  the  intensity  factor  of  the 
reflection  characteristics  and  do  not  deal  quantitatively  with  such 
things  as  color  and  texture. 
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CONVENTION  NOTES 

THE  FIFTEENTH  ANNUAL 
CONVENTION 

The  Convention  of  the  Society  is  cal- 
endarially  a  thing  of  the  past,  however, 
information  presented  through  papers 
and  discussions,  the  acquaintances  re- 
newed, the  new  friendships  established, 
and  memories  of  the  many  and  varied 
entertainment  features  enjoyed,  will  be 
ever  enduring.  To  use  the  expression 
so  often  heard  repeated  during  the  con- 
vention— "It's  the  best  ever" — undoubt- 
edly sums  up  the  general  opinion  of  all. 

There  were  approximately  two  hun- 
dred members  and  guests  present,  and 
due  to  the  well  balanced  program  of 
most  interesting  papers,  each  session  was 
exceptionally  well  attended.  There  will 
appear  in  the  Transactions,  from  time 
to  time,  the  papers  and  discussions 
which  will,  of  course,  give  to  the 
unfortunate  non-convention  attending 
members,  an  opportunity  to  digest  the 
interesting  and  instructive  data  pertain- 
ing to  illuminating  engineering  which 
was  presented.  However,  when  the  en- 
tertainment and  good  fellowship  fea- 
tures are  considered,  these  same  absen- 
tees can  only  be  extended  sympathy,  for 
they  missed  a  very  great  deal. 

The  usual  annual,  and  sometimes  bore- 
some.  President's  reception  this  year 
proved  to  be  a  lively  gloom-dispersing 
affair.  Instead  of  being  held  in  a  for- 
mal ballroom,  members  and  guests  were 


given  free  access  to  the  Rochester  Club. 
Those  who  wished  to  dance,  found  at 
their  disposal,  an  orchestra  whose  one 
delight  seemed  to  be  to  dispense  motion- 
compelling  jazz.  Those  who  preferred 
a  less  strenuous  evening,  were  at  liberty 
to  indulge  in  pool,  billiards,  cards,  etc. 

On  Wednesday  evening,  the  scene 
shifted  to  the  Alanitou  Beach  Hotel, 
where  the  so-called  banquet  was  held. 
The  formal  speech  and  evening  dress 
was  tabooed.  In  addition  to  a  most 
appetizing  dinner,  there  was  dancing 
and  expert  entertainers,  including  the 
Chairman  of  the  General  Convention 
Committee,  who  was  unanimously  ac- 
claimed the  star. 

The  hospitable  Rochesterians  provided 
automobiles  at  all  times  of  the  day  or 
night  for  the  convenience  of  the  con- 
vention attendants,  and  were  ever  ready 
to  supply  a  personally  conducted  tour 
of  the  city.  Luncheons  at  the  Country 
Club  and  theatre  parties  for  the  ladies, 
use  of  the  exclusive  golf  club,  inspec- 
tion of  the  street  lighting  systems,  and 
trips  through  interesting  industrial  estab- 
lishments, such  as  The  Eastman  Kodak 
Company,  and  Bausch  &  Lomb  Optical 
Company,  are  further  evidences  that  the 
Rochester  convention  was  one  that  will 
long  be  remembered. 

The  officers  and  members  of  the  Gen- 
eral Convention  Comm.ittee  performed 
a  difficult  task  in  a  highly  efficient  and 
generous  manner,  and  to  them  are  due 
the  thanks  of  the  entire  Society. 
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CONVENTION  ATTENDANCE  PRIZE 

Over  ten  years  ago  the  institution  of 
a  prize  for  the  Section  of  the  Society 
which  most  loyally  supported  the  Annual 
Convention  was  conceived.  It  has  been 
the  customary  feature  to  present  such  a 
prize  at  the  annual  banquet.  Mr.  D. 
McFarlan  Moore,  the  author  of  this  idea, 
made  the  presentation,  together  with  a 
statement  showing  the  number  of  dele- 
gates who  were  present  from  each  of 
the    Sections. 

The  prize  was  the  usual  traveling 
gavel,  recently  in  the  possession  of  the 
New  England  Section,  and  was  awarded 
this  year  to  the  Chicago  Section.  Mr. 
J.  J.  Kirk,  Secretary  of  the  Chicago 
Section,  accepted  the  prize  in  a  very 
fitting  manner. 

To  the  member  of  the  Society  coming 
the  greatest  distance  there  was  awarded 
a  special  prize.  The  recipient  of  this 
honor  was  Mr.  Charles  M.  Masson  of 
Los  Angeles,  Calif.,  who  accepted  the 
prize,  which  was  an  electric  flat-iron. 

Attendance  at  the  Convention  was 
international,  members  and  guests  coming 
from  Canada,  England  and  various  parts 
of  the  United  States. 

APPLIED  ILLUMINATING  ENGI- 
NEERING DESERVES  MORE 
CONSIDERATION 

From  the  opto-physical  or  purely 
scientific  viewpoint  of  lighting  and 
illumination  the  activities  of  the  Illumi- 
nating Engineering  Society  are  in- 
valuable. If  it  were  not  for  the  class- 
ical researches  repofled  before  that 
organization,  there  would  be  no  single 
place  toward  which  to  look  for  scientific 
guidance  on  the  all-important  problem 
of  illumination.  None  the  less,  it  is  un- 
fortunate that  the  valuable  information 
presented  audibly  reaches  so  few  ears 
and     that    it    is    then    stored    away    in 


printed  form  on  reference  shelves  which 
are  consulted  all  too  infrequently. 

To  us  it  seems  that  the  remedy  is 
to  make  the  presentation  of  papers  of 
the  society's  meetings  and  then  arrange 
for  joint  meetings  with  other  societies 
representing  architects,  contractors,  fix- 
ture dealers  and  men  of  similar  pursuits. 
Although  this  has  been  done  spasmodi- 
cally before,  it  could  profitably  be  made 
a  regular  practice.  By  featuring  the 
applied-engineering  papers,  which  always 
have  a  wider  appeal,  and  making  an 
honest  effort  to  interest  the  membership 
of  other  societies,  a  larger  number  of 
persons  can  be  made  to  think  in  terms 
of  lighting  fundamentals  and  may  even 
become  interested  in  the  more  scientific 
discussions  of  the  Illuminating  Engi- 
neering Society. 

The  lighting  code,  the  paper  on 
relation  of  highway  illumination  to  acci- 
dents and  that  on  lighting  public  build- 
ings, presented  at  the  annual  convention 
of  the  Illuminating  Engineering  Society 
last  week  in  Rochester,  N.  Y.,  are  ex- 
amples of  the  type  of  information  which 
has  widespread  interest. — Editorial  in 
Electrical  World,  Oct.  8,  1921. 


In  the  lighting  branch  of  the  electrical 
industry  the  Illuminating  Engineering 
Society  takes  its  place  as  the  leader  in 
both  theoretical  and  practical  research 
and  development.  The  Society  at  its 
recent  convention,  details  of  which  are 
reported  on  other  pages  of  this  issue, 
took  up  many  subjects  of  purely  theoret- 
ical interest  insofar  as  the  present 
development  of  the  art  is  concerned. 

The  Society  considers  the  very  practi- 
cal questions  involved  in  the  design  and 
manufacture  of  equipment,  the  determi- 
nation of  industrial,  street  and  home 
lighting  standards,  and  many  other 
questions    of    vital    importance    to    the 
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consumer  as  well  as  the  producer  of 
electric  lighting  service.  The  Society 
deserves  the  hearty  support  of  the 
industry. — Editorial  in  Electrical  Review, 
Oct.  8,  1921. 

SECTION  ACTIVITIES 


On  Scptemhcr  9,  1921,  the  Board  of 
Managers  met  to  discuss  certain  routine 
matters. 

COUNCIL   NOTES 


NEW  YORK 

The  New  York  Section  Board  of 
Managers  held  a  meeting  on  September 
14,  1921,  to  discuss  plans  for  the  coming 
season.  The  following  subjects  were 
announced  for  the  October  meeting: 
"Radio-Luminescence  and  its  Applica- 
tion," by  Dr.  V.  F.  Hess  of  the  United 
States  Radium  Corporation  and  "Flash- 
lights and  Flashlight  Batteries."  by  Mr. 
E.  H.  Mathews  of  the  American  Ever 
Ready  Works. 

The  following  Committee  Chairmen 
were  appointed :  Papers,  S.  G.  Hibben ; 
Membership,  Herman  Plaut ;  Attendance 
and  Publicity,  E.  A.  Mills ;  Dinner  and 
Reception,  D.  H.  Tuck;  Exhibition,  J. 
Doyle. 

It  is  hoped  that  in  the  near  future  a 
complete  program  will  be  announced  for 
the  remaining  meetings. 

PHILADELPHIA 

The  new  Board  of  Managers  met  on 
August  22,  1921,  to  consider  organization 
plans  for  the  new  administration.  The 
Chairmen  of  the  following  Committees 
were  confirmed :  Papers,  G.  Bertram 
Regar;  Membership,  M.  C.  Huse ;  Pub- 
licity, T.  S.  Lever;  Exhibition,  J.  J. 
Reilly ;  Reception,  H.  B.  Christy. 

It  was  also  decided  to  change  the 
time  of  the  regular  Section  meetings 
from  the  third  Friday  to  the  second 
Tuesday  of  each  month.  The  Chairman 
of  the  Papers  Committee  presented  a 
tentative  program  covering  the  entire 
year. 


ITEMS  OF  INTEREST 

A  meeting  of  the  Council  was  held 
at  the  Powers  Hotel  in  Rochester,  N.  Y., 
September  28,  1921,  at  which  members 
of  the  new  Council  were  guests.  The 
following  were  elected  to  membership 
upon  recommendation  of  the  Board  of 
Examiners : 

Two  Members 

F.  Lee  Farmer, 
Sales  Manager, 
Beardslee    Chandelier    Mfg.    Co., 
216  So.  Jefferson  Street, 
Chicago,   Illinois. 

David  H.  Moore, 
Electrical  Engineer, 

Day  &  Zimmermann,  Inc., 
611  Chestnut  Street, 
Philadelphia,  Pa. 

Seven  Associate  Members 

Ernest  Bickerstaff, 

Assistant  Consulting  Engineer, 
Messrs.  Templin  &  Toogood, 
Box  420, 
Christ  Church, 
New  Zealand. 

Knight  Dunlap. 
Professor    of    Experimental    Psycho- 
logy. 

The  Johns  Hopkins  University, 
Baltimore,  Maryland. 

Paul  S.  Malone, 

Incandescent  Lamp  Inspector, 
Electrical  Testing  Laboratories, 
Edison   Lamp  Works, 
Newark,  N.  J. 
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R.    M.    PONDEUCK, 

Inspector  of  Lamps, 
Electrical  Testing  Laboratories, 
80th  Street  and  East  End  Avenue, 
New  York,  N.  Y 

Jacob  R.  Stewart, 
Lighting  Specialist, 
Westinghouse    Electric   and    Manu- 
facturing Company, 
Third  and  Elm   Streets, 
Cincinnati,  Ohio. 

James  A.  Toohey, 
Sales    Engineer, 
Holophane  Glass  Company,  Inc., 
Boston,  Mass. 

Vincent  Walsh, 
Electrician, 
Kev  Unit  Lighting  System, 
258  Broadway, 
New  York,  N.  Y. 

The   General    Secretary   reported   the 
following  change  in  membership : 

Two  Members  Deceased 

Charles  O.  Bond, 
United  Gas  Improvement  Company, 
1401  Arch  Street, 
Philadelphia,  Pa. 

Peter  Cooper  Hewitt, 
18  East  33rd  Street, 
New  York,  N.  Y. 

One  Associate  Member  Deceased 

Paul  Thatcher, 
Philadelphia  Electric  Company, 
7-9  Chelton  Avenue, 
Philadelphia,  Pa. 

DR.   GEORGE   S.   CRAMPTON  RESIGNS 
AS   VICE-PRESIDENT 

Having    been    elected    President    for 


the  next  fiscal  year  Dr.  Crampton  pre- 
sented his  resignation  as  Vice-President 
to  take  effect  October  i,  1921.  The 
Senior  Director,  Mr.  D.  McFarlan 
Moore,  was  appointed  to  fill  the  unex- 
pired term  as  Vice-President. 

NEW    DIRECTOR 

On  account  of  the  advisability  of  hav- 
ing a  Director  from  Philadelphia,  Mr. 
G.  Bertram  Regar  was  appointed  to 
fill  the  unexpired  term  of  Mr.  Moore. 

RESOLUTION  REGARDING  THE 
DEATH  OF  CHARLES  0.  BOND 

The  following  resolution  regarding 
the  death  of  Charles  O.  Bond,  v/as  read 
by  the  General  Secretary  and  was 
adopted  and  incorporated  in  the  Minutes 
of  the  Society.  The  General  Secretary 
was  instructed  to  transmit  a  copy  of  the 
resolution  to  the  family  of  the  deceased. 

RES0L^"ED,  that  the  Executive  Com- 
mittee of  the  Council  of  the  Illuminating 
Engineering  Society  having  learned  of 
the  death  of  our  friend  and  associate, 
Charles  O.  Bond,  desires  to  place  on 
record  our  appreciation  of  the  ability 
and  devotion  which  he  has  always  shown 
in  the  interests  of  the  Society.  During 
the  period  of  his  connection  with  the 
Society,  he  served  as  an  active  member 
on  various  committees  and  was  Presi- 
dent of  the  Society  for  the  year  1913- 
1914.  He  gained  the  admiration  and 
esteem  of  all  who  were  associated  with 
him  and  his  memory  will  remain  dear 
to  us  all.  We  hereby  deplore  our  loss 
and  offer  our  profound  sympathy  and 
condolence  to  his   family. 

Resolved,  that  this  tribute  be  placed 
on  the  Minutes  of  the  Society  and  that 
the  General  Secretary  be  instructed  to 
convey  it  to  his  family. 
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NEWS  ITEMS 


PUBLIC  RELATIONS  REPORT  AT  CHI- 
CAGO CONVENTION  OF  N.  E.  L.  A. 

Mr.  J.  E.  Davidson,  Vice-President 
of  the  Nebraska  Power  Co.,  of  Omaha, 
in  his  report  to  the  Public  Relations 
National  Section  of  the  N.  E.  L.  A.  at 
the  Chicago  Convention  makes  the  fol- 
lowing significant  statement: 

"Take  for  instance  the  residential 
lighting  situation.  The  incandescent 
lamp  was  invented  forty-one  years  ago, 
it  has  been  developed  to  a  remarkable 
state,  but  from  the  point  of  view  of 
illumination  we  really  have  done  little  or 
nothing  for  our  residential  customers. 

We  have  the  old  fashioned  elec- 
troliers with  glass  shades  which  produce 
very  inefficient  results,  and  if  the  cus- 
tomer only  knew  what  constituted  good 
illumination  he  really  would  not  tolerate 
it.  I  believe  that  it  behooves  us  to  get 
busy  and  put  that  over  as  a  service  to 
our  customers,  because  in  reality  it  is  a 
service,  and  in  doing  it  we  can  benefit 
ourselves  as  well  as  our  customers." 

A    SCHOOL    LIGHTING    CODE 
ADOPTED  IN  WISCONSIN 

The  Industrial  Commission  of  Wis- 
consin adopted  a  School  Lighting  Code 
on  August  30,  1921,  which  was  published 
in  the  official  state  paper  on  September 
6,    1921,    and    in    accordance    with    the 


statutory    provisions    became     eflFective 
thirty  days  later. 

Arrangements  are  being  made  to  pub- 
lish the  code  together  with  an  appendix 
which  will  contain  some  notes  on  the 
design  of  lighting  installations  to  meet 
the  requirements  of  the  code.  In  this 
connection  a  number  of  the  illustrations 
published  in  the  "Code  of  Lighting 
School  Buildings"  in  1918  by  the  I.  E.  S. 
will  be  used. 

BRIGHTER  BROOKLYN  MOVEMENT 

The  Brooklyn  Chamber  of  Commerce 
has  started  a  Brighter  Brooklyn  plan, 
which  contemplates  improved  street 
lighting  and  better  display  lighting,  as 
well  as  advances  in  interior  lighting. 

As  a  first  step  in  the  program,  the 
flood-lighting  of  the  tower  of  Borough 
Hall  was  thrown  on  with  appropriate 
ceremonies  on  the  evening  of  Septem- 
ber 15th.  Following  a  dinner  at  the 
Chamber  of  Commerce,  the  exercises 
took  place  in  front  of  Borough  Hall,  a 
speakers  stand  having  been  erected  on 
the  steps. 

A  large  crowd  was  gathered  to  wit- 
ness the  turning  on  of  the  light  by 
Borough  President  Riegelmann.  The 
Assistant  Commissioner  of  Water  Sup- 
ply Gas  and  Electricity  and  other  muni- 
cipal officials  participated.  Among  the 
I.  E.  S.  members  taking  part  were  Ed- 
ward L.  Cox,  Marshall  T.  Gleason,  F.  J. 
McGuire,  G.  H.  Stickney. 
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DR.  GEORGE  S.  CRAMPTON 


PRESIDENT   I92I-I922 


At  the  recent  convention  of  the  Illuminating  Engineering  Society  held 
in  Rochester,  New  York,  Dr.  George  S.  Crampton  of  Philadelphia, 
succeeded  General  George  H.  Plarries  of  Chicago  as  National  President. 

This  is  the  first  time  that  the  society  has  honored  an  oculist  in  this 
manner  and  it  may  be  taken  as  an  indication  that  the  society  not  only 
recognizes  the  importance  of  the  protection  of  our  visual  organs  through 
proper  illumination  but  that  it  holds  true  to  its  traditional  purpose  as 
stated  by  its  first  president,  namely  to  gather  into  its  fold  the  various 
interests  that  are  identified  with  the  development  of  the  science  and  art 
of  illumination  in  all  its  phases. 

Dr.  Crampton  served  in  France  in  the  recent  war  as  Major  and  Director 
of  the  four  field  hospitals  of  the  Twenty-eighth  Division,  he  remained  in 
Paris  during  the  two  months  after  the  return  of  the  Division  as  Lieutenant 
Colonel  in  charge  of  one  of  the  medical  departments  of  the  Paris  District. 

Dr.  George  S.  Crampton,  the  son  of  Richard  and  Martha  Betty 
Crampton,  was  born  in  Rock  Island,  Illinois  on  March  10,  1874.  After 
graduating  from  the  High  School  of  that  City  he  attended  Augustana 
College,  and  Kemper  Hall  of  Griswold  College. 

Although  his  early  ambitions  were  toward  the  study  of  Electrical 
Engineering,  a  trick  of  fate  took  him  to  Philadelphia  in  1894  where  he 
matriculated  in  the  Medical  School  of  the  University  of  Pennsylvania 
from  which  he  graduated  four  years  later.  Following  this  he  spent  three 
years  in  European  travel  and  study. 

Upon  his  return  three  and  a  half  years  were  spent  at  work  in  the  Ayer 
Clinical  Laboratory  and  as  Resident  Physician  in  the  Pennsylvania 
Hospital.  Then  came  the  decision  to  make  the  study  of  the  eye  his  life 
work.     In  1907  he  married  Hazel  Smedes  of  Vicksburg,  Mississippi. 

Dr.  Crampton's  affiliations  are  as  follows :  Professor  of  Ophthalmology, 
Graduate  School  of  Medicine,  University  of  Pennsylvania  in  charge  of 
the  Department  of  Optics  and  Refraction;  Fellow  of  the  College  of 
Physicians  of  Philadelphia;  Member  of  the  American  Ophthalmological 
Society ;  the  American  Academy  of  Ophtholmology  and  Oto-Laryngology 
and  of  the  American  Medical  Association ;  Member  of  the  Committee  on 
Science  and  the  Arts  of  the  Franklin  Institute ;  Member  of  the  Engineers 


I'a^f-  X  /  '^ 


Dr.  George  S.  Cramptox 
President  1921-1922 


Charles  Otis  Bond 
1870-1921 
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Club  of  Philadelphia;  Chief  of  the  Ophthalmological  Clinic,  Pennsylvania 
Hospital  and  Ophthalmologist  to  the  Philadelphia  Hospital  for  Contageous 
Diseases. 

In  March  1914,  Dr.  Crampton  was  elected  to  membership  in  the 
Illuminating  Engineering  Society.  He  has  taken  a  very  active  interest  in 
the  development  of  the  Society,  in  the  work  of  various  committees  and 
serving  as  Chairman  of  the  Philadelphia  Section  for  1914-1915,  as  Vice- 
President  for  1916-1917,  1917-1918  and  1920-1921. 

OBITUARY 

Charles  Otis  Bond,  ninth  President  of  the  Illuminating  Engineering 
Society,  died  at  his  home  in  Collegeville,  Pennsylvania,  on  Tuesday, 
August  2,  1 92 1.  His  death  deprives  the  Society  of  one  of  its  staunchest 
and  most  valuable  supporters,  and  its  officers  and  many  of  its  members 
of  a  friend  whom  they  had  come  to  appreciate  and  esteem  through  years 
of  co-operation  in  the  cause  of  good  lighting.  Mr.  Bond's  unswerving 
honesty,  his  earnestness  of  purpose  and  conduct,  displayed  in  everything 
that  he  undertook,  his  broadmindedness  and  his  charity  commanded  re- 
spect from  all  with  whom  he  came  into  contact,  even  from  those  who 
occasionally  held  divergent  views.  His  influence  in  cementing  good  re- 
lations between  the  gas  and  electric  fraternities  which  met  on  common 
ground  in  the  Society's  activities  was  of  the  very  greatest  importance, 
and  continues  to  be  reflected  in  the  harmony  which  prevails  between  these 
interests  in  the  work  of  improving  illumination  conditions. 

Mr.  Bond's  service  to  the  Society,  both  before  and  after  his  term  as 
President,  included  technical  contributions  in  the  form  of  papers  and  of 
service  upon  such  committees  as  the  Committee  on  Research,  the  Com- 
mittee on  Nomenclature  and  Standards,  the  Committee  on  Lighting  Leg- 
islation and  administrative  work  upon  such  committees  as  that  on  Sustain- 
ing Membership.  He  was  at  all  times  active  in  the  Philadelphia  Section, 
where  his  influence  was  wielded  constructively  for  several  years. 

Mr.  Bond  was  born  at  Lehigh,  Iowa,  November  16,  1870.  He  was  ap- 
pointed to  the  U.  S.  Naval  Academy  in  1886,  graduating  with  his  class 
in  1890.  He  resigned  from  the  Navy  in  1892,  but  returned  to  serve  as 
Lieutenant  in  Cuban  waters  during  the  Spanish-American  War.  After 
teaching  school  in  Lehigh  and  in  Rochester,  he  became  a  member  of  the 
technical  force  of  the  Philadelphia  Gas  Improvement  Company  in  1896 
and  remained  in  the  employ  of  that  company  and  its  successor  until  his 
death. 
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His  association  with  the  manufacture,  distribution  and  use  of  gas,  and 
more  particularly  with  the  problem  of  delivering  a  uniform  high-candle- 
power  gas  to  conform  to  contractual  obligations  resulted  in  his  undertak- 
ing pioneer  work  in  this  field.  In  the  course  of  this  work  he  introduced 
into  this  country  and  put  into  daily  operation  the  first  pentane  lamps  which 
were  obtained  from  England.  He  also  invented  the  dew-point  hygrometer, 
facilitating  the  determination  of  the  lowest  temperature  of  gas  in  the 
mains.  His  technical  papers  on  gas  photometry  and  the  apparatus  and 
methods  thereof  have  been  to  a  very  considerable  extent  the  basis  of 
practice  by  gas  companies  in  the  United  States.  His  leadership  in 
these  matters  continued  throughout  the  preliminary  discussion  of  a  heat 
standard  for  gas  and  his  early  work  in  the  investigation  of  calorimeters 
was  instrumental  in  bringing  about  a  selection  of  the  type  which  is  now 
in  general  use  in  this  country  for  such  purposes. 

As  Director  of  the  Physical  Laboratory  of  the  United  Gas  Improve- 
ment Company  Mr.  Bond  interested  himself  in  investigations  of  gas 
lamps,  their  design  and  improvement,  in  the  more  obscure  problems  of 
photometry,  and  under  his  guidance  the  Physical  Laboratory  contributed 
largely  to  the  advancement  of  knowledge  in  these  matters. 

Mr.  Bond  was  an  active  member  of  the  Presbyterian  Church.  He  not 
only  won  the  respect  of  his  associates  and  contemporaries  through  his 
careful,  accurate  mental  processes,  but  through  kindliness  and  vigor  of 
his  character  as  a  technician,  a  churchman,  and  member  of  the  general 
community.  He  undertook  service  only  in  those  causes  that  he  believed  to 
be  ideally  right,  of  advantage  to  the  community,  or  developmental  of  the 
sciences  and  arts,  and  in  all  such  things  he  manifested  zeal,  enthusiasm 
and  optimism.  He  fought  for  his  ideals.  He  was  militant  against  the 
forces  of  evil  wherever  he  saw  them— in  business,  in  civic,  and  in  church 
life,  and  the  uprightness  of  his  purposes  was  always  respected  by  those 
with  whom  he  differed  in  either  methods  or  principles. 

In  1895  he  married  Mathilde  Zeller.  Of  this  union  there  are  seven  chil- 
dren. The  eldest  daughter,  Barbara,  is  the  wife  of  Dr.  W.  Harvey  Per- 
kins, engaged  with  her  husband  in  missionary  work  in  Siam.  A  son,  C.  O. 
Bond,  Jr.,  is  a  cadet  in  the  U.  S.  Naval  Academy.  In  these  occupations 
of  the  children  his  friends  will  see  reflected  that  zeal  for  service  which 
was  so  prominent  a  characteristic  of  the  father. 

Mr.  Bond's  funeral  took  place  on  Friday,  August  5,  at  the  Forrest 
Presbyterian  Church,  Germantown,  Philadelphia. 


TRANSACTIONS  I.  E.  S. — PART  I.  VOL.  XVI,  NO.  7,  OCT.    10,   I92I  103 


ILLUMINATION  INDEX. 

Prepared  by  the  Committee  on  Progress. 


An  index  of  reference  to  books,  papers,  editorials,  news  and  abstracts  on  illumi- 
nating engineering  and  allied  subjects.  This  index  is  arranged  alphabetically 
according  to  the  names  of  the  reference  publications.  The  references  are  then 
given  in  order  of  the  date  of  publication.  Important  references  not  appearing 
herein  should  be  called  to  the  attention  of  the  Illuminating  Engineering  Society, 
29  W.  39th  St.,  New  York,  N.  Y, 


The  Analyst 

Apparatus  for  Microscopical  Examina- 
tion of  Opaque  Objects — 

Use  of  Polarised  Light  for  the  Exami- 
nation of  Old  Pictures — 

Beama 

Illuminating  Engineering — 

Central  Station 

The  Lamp  and  the  Central  Station — 
Show  Window  Lighting  Equipment — 

Comptes  Eendus 

Determination  des  temperatures  ef- 
fectives de  quelques  etoiles  et  de 
leur  "color-index" — 

Electrical  Merchandising 

Wink  the  Lights  at  8  P.  M.— 
Electrical  News 

Ornamental   Lighting  along   Sunnyside 
Blvd.,  Toronto  West- 
Electrical    Railway    Journal 

Lighting  London   Subway  Connections 

Electrical  Record 

New  Complete  Lighting  System  for 
Kansas   City — 

Electrical   Review    (London) 

Automatic  Lighting  Sets — 

Electrical  Review    (TI.   S.) 

Diffusive  Glassware  as  a  Means  To- 
ward Proper  Lighting — 


M.  Francois  and 
C.  Lormand 

P.  Lambert 
J.  H.  Asdell 


DATE 
192 1 

Aug. 


July 


Aug. 


PAGE 


345 


25 


Newton  Harrison  Aug.  23 

M.  P.  Brogan  Aug.  26 


MM.    Charles    Nord- 

mann  et  LeMorvan       July  11         ^2 


60 


Sept.   I  2,Z 

Sept.  10  399 

Sept  189 

H.  R.  Taunton              Aug.  12  204 

E.  J.  Davidson,  Jr.       Aug.  13  225 
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Elexit  Devices  Ready  for  Dealers  Be- 
fore New  Year —  Ben  Tousley 

High-Intensity    Illumination    of    Office 

Buildings —  Ivan  M.  Kirlin 

Lighting     Fixtures     Displayed     Under 

Natural  Conditions — ■  E.  R.  Gillet 

Who  Should  Lead  in  Illuminating 
Standards  ? — 

Suitable  Methods  of  Illumination — 

Brightness    of    the    Electric   Spark — 

Milwaukee  Chosen  for  Lighting  Fix- 
ture Convention — 

Lighting  of  Clothing  Factories  to  Be 
Discussed  (Program  of  I.  E.  S. 
Convention) — 

Lighting  for  Art  Galleries  and  Public 
Buildings — 

Illuminating  Features  in  Luxurious 
Chicago  Apartment — 

Illumination  and  Fixtures  for  Depart- 
ment Stores — 

Lighting  for  Comfort  in  Homes  and 
Public  Places — 

Types  of  Circuits  Employed  in  Street 
Lighting — 

Developments  in  Electric  Sign  Light- 
ing Practice — 

Modern  Lighting  Installation  on  Pas- 
senger Steamship — 

Lighting  the  Wrigley  Building,  Chicago, 

at  Night- 
Lighting  Installation  for  Wild  West 
Show — 

Industrial  Lighting  with  Mercury  Va- 
por Lamps—  E.  L.  Elliott 

Electrical  Times 

Show   Window  Lighting — 

Electrical  World 

Electric    Floodlighting    a    Tower    of 

Strcni^tli    in    J'ilgriin    Pageant — 


E.  H.  Parker 

A.  L.  Powell 
H.  T.  Spaulding 
C.  H.  Shepherd 
W.  E.  Underwood 


Aug.  13  228 

Aug.  13  235 

Aug.  13  239 

Aug.  13  242 

Aug.  13  242 

Aug.  13  244 

Aug.  13  245 

Aug.  20  283 

Sept.  10  375 

Sept.  10  377 

Sept.  10  381 

Sept.  10  385 

Sept.  ID  388 

Sept.  10  392 

Sept.  10  396 

Sept.  10  397 

Sept.  10  398 

Sept.  10  399 

July  14  37 

Aug.  6  286 
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Invisible    Signaling    for    the    Chemical 
Eye- 

Signaling  by  Invisible  Rays — 

Floodlights    Make    High-Tension    Bus 
Inspection  Easier — 

I.  E.  S.  Announces  Partial  Program — 

Arc  Lamps  Changed  Over  to  Incandes- 
cent Type — 

Illuminating   Engineers    to    Remain   in 
Engineering  Societies  Bldg. — 

Thirty  Million  Japanese  Enjoy  Electric 
Service — 

Selecting  Lamps   for  Flood-Lighting — 

Direct  and   Indirect   Lighting  of   Bill- 
board Display — 

The  Electrician 

International  Commission  on  Illumina- 
tion— 

Ship   Lighting — 

Poster  Illumination — 

Factory  Inspection  in  1920 — 

Glare,  Shadow  and  Constancy — 

High-temperature  Phenomena  of  Tung- 
sten Filaments — 


Elektrotechnik  und  Haschinenbau 

Die   Umsetzung  von   Energie   in   Licht 

bei  Temperaturstrahlern —  Alfred  R.  Meyer 

Die  Umsetzung  von   Energie  in   Licht 

bei  Temperaturstrahlern —  Alfred  R.  Meyer 

Elektrotechnischer   Anzeiger 

Xeuere    Schalteinrichtungen     an     Ein- 
phasenmotoren — 

Gas    Jonmal 

Gas  Quality  and  Lighting  Efficiency — 
Gas  Quality  and  Lighting  Efficiency — 
Statutorily  Regulated  Factory  Lighting 
Lighting  in   Factories  and   Workshops 


W.  J.  Jones,  B.  Sc. 


Aug.  13  304 

Aug.  13  307 

Aug.  13  322 

Aug.  13  336 

Aug.  20  373 

Aug.  27  403 

Aug.  2-j  410 

Sept.   3  473 

Sept.  10  527 


July  22  114 

July    29  142 

Aug.  5  189 

Aug.  12  200 

Aug.  19  228 

Aug  19  241 


June  19  301 

June  26  316 

July  7  1Z2 

July  2^  221 

Aug.  10  320 

Aug.  17  370 

Aug.  17  392 
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Gas  tind  Wasserfach 

Der  Stand  der  Beleuchtungsfrage  nnd 
die  daraus  zu  ziehenden  Folgerun- 
gen— 
Gasbeschaffenheit  und  Licheffekt — 


Helios 

Lichtanlagen      mit 
schaltung — 


Druckknopf -Fern- 


Illuminating  Engineer 

Motor  Car  Headlights :  Ideal  Require- 
ments and  Practical  Solutions — 

Railway  Subways:  A  Novel  Method 
of  Lighting — 

Journal  of  Electricity 

Solving  Special  Lighting  Problems  in 
the  Modern  Cannery — 

Journal  of  the  Franklin  Institute 

Color  Temperature  of  High  Efficiency 
Lamps — 

Journal    of    Industrial    and    Engineering 
Chemistry 

Standardization  and  Research — 
The  Measurement  of  Color — 
Radiation   Effects    in   Thermometry— 

Licht  und  Lamp 

Elektrische  Zugbeleuchtung — 

Die  Beleuchtung  in  der  Kinematogra- 

phie — 
Zeitgemasse  Schaufensterausstrattung — 
Ziele  der  Leuchttechnik — 

Nature 

Radiation  from  the  Carbon  Arc — 
The  Universities  and  Research — 
Philosophical    Magazine    and    Journal    of 
Science 

The     Disappearance     of   Gas     in     the 
Electric  Discharge — 


July  2         437 
Drs.  Terres  and  Hil- 
degard   Straub  July  2        440 


June  26    2379 


A.  Garrard 


Warren  Alden 


W.  E.  Forsythe 


Castner 


April  92 

April  108 

Aug.  15       145 


July 


S.  W.  Stratton  Aug. 

C.  E.  K.  Mees  Aug. 

Clark  S.  Robinson         Sept. 


H.  H.  Plaskett 
Prof.  J.  Joly 


Research  Staff,  G.  E. 
Co.,  London 


June  16 
June  16 
June   30 

July  21 
Aug.  II 


109 


727 
729 
820 


June   16     281 


283 
289 
304 

648 
760 


Aug. 


227 
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A.  H.  Pfund 


Alph.  Deumens 


Physical  Review 

An  Extension  of  the  Range  of  the  Mc- 
Leod  Gauge — 

Physikalische   Berichte,   II 

Extinction  by  a  Blackened  Photo- 
graphic Plate  as  Function  of  Wave- 
length, Quantity  of  Silver,  and 
Size  of  the  Grains — (Proc.  Amster- 
dam 23.  p.  848,  1921)  — 

Die  biologische  Wirkungen  des  Lichtes 
und  die  photochemischen  Vorgange 
in  der  Photographie — Photogr. 
Korrespondcnc,  58,  1921) — 

Die     Farbenlehre     im     Einblick     auf 

Kunst  und  Kunstgewerte — 
Uber  die  Realitat  und.  die  Anwendungs- 

moglichkeiten     der     Gesetze     der 

Farbenlehre — 

Graukeil-Sensitometer  Eder-Hecht — 

Die  Abhangigkeit  des  Widerstandes 
von  Gluhlampen  von  der  Strom- 
starke — 

Physiological  Abstracts 

The  Depth  of  Penetration  of  Ultra- 
violet Light-ray  Energy  in  the  Em- 
bryo of  the  Tadpole — 

Proceedings  of  the  Royal  Society   (B) 

A  Quantum  Theory  of  Colour  Vision — 
The    Effect    of    Red    Fatigue    on    the 
White  Equation — 

Series  A,  700 

The  Time  Interval  between  Absorption 
and  Emission  of  Light  in  Fluores- 
cence— 

A  Study  of  the  Glow  of  Phosphorus—      Lord  Rayleigh 

Railway  Electrical  Engineer 

Correct  Illumination  of  Railway  Freight 
Yards — 


W.  M.  Baldwin 


July 


No.  12 


Aug. 


J.  Joly  July    I 

F.  W.  Edridge-Green   July    i 


R.  W.  Wood 


Aug.  2 
Aug.  2 


Aug. 


78 


704 


Fritz  Schanz 

No. 

12 

705 

Wilh.  V.  Bezold 

No. 

12 

706 

Hans  Schulz 

No. 

12 

706 

J.  M.  Eder 

No. 

13 

781 

Paul  Hanck 

No. 

13 

782 

293 

219 

232 


362 
372 


299 
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Revue  Generale  de  L'Electricite 

La      Commission      Internationale      de 
I'Eclairage — 

La      Commission      internationale      de 
TEclairage — 

L'arc  rotatif   Garbarini — 

Les   travaux   de   la   Commission   inter- 
nationale de  I'Eclairage — 

Etat  actuel  de  I'eclairage  electrique  en 
Italic  at  son  avenir — 


July   2 


Guide  Peri 


July  2 

10 

July  9 

65 

July  16 

81 

July  23 

28d 

Scientific  American 

Some  Facts  about  Shop  Lighting- 


Aug.  27      152 


Scientific  American  Monthly- 
Molten  Tungsten- 


Hugo  Lohmann 


Aug. 


155 


Zeitschrift  fur  Instrumentenkunde 

Die  Tatigkeit  der  Physikalisch-Tech- 
nischen  Reichsanstalt  im  Jahre  1920 

Eine  einfache  Registriervorrichtung  fur 
das   Zollnersche    Photometer — 

Zeitschrift  fiir  Psychologie  und  Physiolo- 
gic der  Sinnesorgane     Aht.   I,   87 

Uber  den  inneren  Farbensinn  der 
Jugendlichen  und  seine  Beziehung 
zu  den  allgemeinen  Fragen  des 
Lichtsinns — 

tJber  Mischung  von  objektiv  darge- 
botenen  Farben  mit  Farben  des 
Anschauungsbildes — 


K.  Schiller 


June  161 

June  187 


V.  Bernhard  Herwig      No.  3  u  4    129 


B.  Herwig  u 
E.  R.  Jaensch 


No.  3  u4    217 


Abt.  II,  52 

"Uber  die  Raumfunktion  der  Netzhaut 
in  ihrer  Abhangigkeit  vom  Lagege- 
fuhl  der  Augcn  und  vom  Labyrinth       Rud.  Dittler 


No.  6 


235 
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SOME  FACTORS  AFFECTING  VISUAL  ACUITY* 

BY  CHARLES  SHEARD** 

After  a  brief  introduction  as  to  the  character  of  the  visual  acuity  charts, 
and  their  construction,  now  commonly  in  use  in  clinics  and  offices,  the 
author  cites  the  following  factors  which  may  affect  visual  acuity  tests. 

(i)  The  Snellen  test  types  of  our  clinics  and  offices  are  but  assumed 
standards  which  are  found  to  serve  us  rather  conveniently  in  I  he  practical 
work  of  ocular  refraction.  The  acuity  depends  not  only  upon  the  quality 
of  the  dioptric  apparatus  but  also  upon  that  of  the  retina,  of  the  optic 
nerve  and  of  the  brain. 

(2)  It  is  a  well-known  fact  that  some  letters  of  the  same  size  and 
subtending  as  a  whole  the  same  visual  angle  are  much  more  easily  read 
than  others.  For  if  we  take  the  ability  to  recognize  the  letter  B  at  the 
five  minute  angle  as  standard  or  V^^i,  we  find  that  the  average  acuity 
required  for  the  letter  L,  for  example,  of  the  same  size  and  subtending 
the  same  visual  angle  is  about  V=o.7. 

(3)  ^S^  affects  the  acuity  for  reasons  which  are  obvious.  In  general 
there  is  in  the  healthy  eye  a  slight  but  uniform  decrease  in  acuit}'  from 
the  fortieth  year  on. 

(4)  The  influence  of  pupillary  diameter  upon  visual  acuity  is  quite 
marked ;  the  optimum  pupil  corresponds  to  about  3  or  4  mm.  diameter. 
Hence,  eyes  having  equality  of  functions  and  structure  in  all  particulars 
and  yet  varying  unduly  in  pupillary  area  will  have  quite  appreciable 
acuity  differences. 

(5)  The  condition  of  retinal  adaptation  plays  a  part  in  acuity  con- 
ditions, for  in  general  it  is  found  that  (a)  for  low  intensities  of  illumina- 
tion the  visual  acuity  increases  with  darkness  adaptation,  (h)  for  average 
luminosities  it  remains  the  same  whether  the  retina  is  adapted  or  not,  and 
(c)  for  high  intensities  of  illumination  the  acuity  decreases  with  darkness 
adaptation. 

(6)  All  methods  of  observ-ation  and  experimentation  show  con- 
clusively that  the  visual  acuity  increases  at  first  quite  rapidly  with  small 
changes  in  the  illumination  but  that  finally  a  very  large  increase  in  lum- 
inosity is  demanded  in  order  to  change  the  acuity  by  a  small  percentage. 
This  point  is  of  significance  in  the  matter  of  test-card  lighting. 

♦Abstract  from  A  meitcan  Journal  of  Physiological  Optics,  Vol.  2,  No.  2,  April,  1921,  pp.    168-184 
♦♦Editor,  American  Journal  of  Physiological  Optics. 
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(7)  Visual  acuity  increases  and  decreases  more  slowly  under  colored 
illuminations  having  short  wave-lengths  than  for  the  less  refrangible 
radiations  for  any  given  variation  in  the  objective  luminous  intensity. 
Also  the  acuity  is  greater  in  yellow  light  and  decreases  through  red,  green 
and  blue. 

(8)  The  proper  maintenance  of  visual  efficiency  demands  attention 
to  (a)  the  sensitiveness  of  the  eye  to  differences  of  luminosity  and  (b) 
the  acuity  of  the  eye.  A  working  rule  suggested  is  that  the  illumination 
of  any  surface  requiring  the  continued  application  of  the  eyes  shall  be 
such  that  the  light  reflected  or  transmitted  by  it  shall  be  equivalent  to 
a  luminosity  of  approximately  one  lumen  per  square  foot. 


A  LIGHT  SCALE  KEYBOARD  AND  RHEOSTAT* 

BY   MARY   HALL0CK-GRE;1vNEWAI.T 


The  writer  as  a  pianist  conceived  a  desire  for  expression  through 
light.  The  requirements  were  for  a  light  scale,  smooth  and  orderly  in 
operation,  offering  fine  gradations  of  light  intensity  and  of  the  spectral 
colors.  These  must  be  under  ready  control  in  order  to  make  it  possible 
for  the  performer  to  employ  any  desired  gradations  and  nuances  for 
purposes  of  light  expression.  With  such  adequate  mechanical  and  elec- 
trical equipment  the  artist  may  use  light  as  a  means  of  abstract  and 
emotional  expression  distinct  from  its  employment  for  decorative  pur- 
poses. 

"If,  for  example,  simply  by  a  rising  inflection  of  the  voice  one  may 
express  a  question:  Yes?  Then,  with  the  moment  properly  staged,  a 
raising  of  the  light  with  that  meaning  pointed  to,  will  do  the  same  thing. 

"A  sodden,  darkish  light  could  be  made  to  express  sullenness;  an 
absence  of  light,  depth  of  gloom;  bright  light,  joy  and  much  of  the  shad- 
ings of  feeling  which  like  those  of  music  are  beyond  the  telling  by 
words." 

The  writer  traces  the  differences  between  variable  properties  of 
sound  and  of  color  and  then  proceeds  to  describe  a  rheostat  which  has 
been  developed  in  order  to  meet  the  requirements  of  light  expression, 
and  exhibits  a  "light  and  music"  phonograph  designed  for  the  co-ordina- 
tion of  expression  through  sound  and  light. 

♦Abstract  of  Paper  presented    before    the    Philadelphia  Section  of  the  I.  E.  S.,  Feb.  20,  1920. 
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SECTION  ACTIVITIES 


NEW  ENGLAND 
Meeting — October,  1921 

The  New  England  Section  met  on 
October  i8,  at  the  Rogers  Building, 
Massachusetts  Institute  of  Technolog}% 
491  Boylston  Street,  Boston,  Mass.  Here 
is  housed  Boston's  Permanent  Industrial 
Lighting  Exhibit  and  because  the  sub- 
ject was  "Illumination  of  Textile  Mills" 
it  was  quite  appropriate  that  the  first 
paper  of  the  year  should  be  presented 
at  this  location. 

Mr.  J.  M.  Ketch,  of  Nela  Park, 
Cleveland,  Ohio,  read  the  paper,  which 
was  enthusiastically  received  and  was 
followed  by  a  very  interesting  dis- 
cussion. There  were  present  about  fifty 
members  and  guests. 

NEW  YORK 
Meeting — October,  1921 

The  first  meeting  of  the  New  York 
Section  was  held  on  October  20.  A 
paper  "Radio-Luminescence  and  its  Ap- 
plication," by  Dr.  V.  F.  Hess  of  the 
United  States  Radium  Corp.,  and  a 
paper  on  "Flashlights  and  Flashlight 
Batteries,"  by  E.  H.  Mathews  of  the 
American  Ever  Ready  Works,  were 
presented.  The  meeting  was  well  at- 
tended, there  being  about  200  members 
and  guests  present.  Representatives 
from  the  following  organizations  were 
present:    Metropolitan    District    of    the 


New  York  State  Association  of  Electri- 
cal Contractors  and  Dealers,  New  York 
Division  of  National  Council  Lighting 
Fixture  Manufactures,  and  Association 
of  Lighting  Fixture  Manufacturers,  Inc. 
The  annual  meeting  of  the  Society 
was  held  prior  to  the  Section  meeting. 
Mr.  D.  McFarlan  Moore,  Vice-Presi- 
dent, presided,  and  the  annual  report  of 
the  General  Secretary  was  presented  to 
the  Society  for  approval. 

Meeting — November,  1921 

The  meeting  on  November  17  was 
designated  as  a  special  ladies'  night  and 
the  meeting  itself  was  unique.  The 
color  lighting  recently  installed  in  St. 
Mark's  Church  in-the-Bouwerie  was 
studied.  Dr.  W.  N.  Guthrie,  Rector, 
held  a  short  symbolical  service  for  the 
m.embers  of  the  Society  at  8  p.  m.,  dur- 
ing which  the  color  eflrects  of  this  in- 
stallation were  demonstrated.  At  the 
close  of  the  service  the  members  ad- 
journed to  the  parish  hall,  where  Air.  L. 
H.  Graves  read  a  paper  on  the  technical 
and  mechanical  features  of  the  lighting 
installation  in  St.  Mark's  Church.  A  very 
interesting  discussion  followed.  The 
meeting  was  well  attended,  about  225 
members  and  guests  being  present. 

PHILADELPHIA 
Meeting — October,  1921 

The  first  meeting  of  the  Section  was 
held  on  October  2.7  in  conjunction  with 
the  Electrical  Conference  which  is  com- 


112         TRANSACTIONS  I.  E.  S. — PART  I.  VOL.  XVI,  NO.  8,  NOV.  20,  I92I 


posed  of  the  electrical  contractors,  wire- 
men  and  Fire  Underwriters'  Inspectors. 
The  speaker  was  Mr.  Preston  S.  Millar 
of  New  York,  whose  subject  was  "The 
Value  of  a  Knowledge  of  Illumination 
Principles  to  the  Electrical  Contractor." 
He  also  presented  a  number  of  demon- 
strations of  lighting  effects  which  were 
observed  with  interest  by  the  audience. 
No  dinner  preceded  this  meeting  and 
the  attendance  was  approximate!}'  600. 

Meeting — November,  1921 

The  meeting  of  the  Philadelphia  Sec- 
tion on  November  10  was  a  joint  meet- 
ing with  the  Building  Owners  and  Build- 
ing Managers  Association.  It  was  pre- 
ceded by  a  separate  dinner  by  each  or- 
ganization, there  being  fourteen  present 
at  the  Illuminating  Engineering  Society 
dinner. 

The  speaker  at  the  meeting  was  Dr. 
Henry  A.  Gardner  of  the  Institute  of 
Paint  and  Varnish  Research,  Washing- 
ton, D.  C,  and  his  subject  was  "Paint  as 
an  Aid  to  Illumination."  The  speaker 
showed  samples  of  various  colored  pa- 
pers with  the  reflection  factor  marked 
thereon,  and  followed  this  with  a 
number  of  lantern  slides  giving  similar 
information  as  well  for  paints  of  dif- 
ferent composition.  The  practical  side 
of  the  paper  consisted  of  a  description, 
with  lantern  slides,  of  the  use  of  paint 
guns  for  spraying  paint  over  large  sur- 
faces by  means  of  compressed  air.  A 
general  discussion  on  both  the  theory 
and  practice  followed.  The  approximate 
attendance  was  thirty-five. 

At  the  meeting  of  the  Board  of  Man- 
agers of  the  Philadelphia  Section  on 
November  10,  1921,  the  following  reso- 
lution on  the  death  of  Mr.  Charles  O. 
Bond  was  adopted : 

"Whereas,  Charles  O.  Bond  was  for 
many  years  closely  associated  with  the 
Philadelphia   Section   of   the   Illuminat- 


ing Engineering  Society,  both  as  a  mem- 
ber and  an  official  and  where  he  was 
highly  regarded  by  those  who  knew 
him,  and 

Whereas,  his  death  in  August,  1921, 
has  deprived  the  Society  of  his  service 
and  the  members  of  a  friend. 

Be  it  ResgIvVEd,  that  the  Board  of 
Managers,  on  behalf  of  the  members  of 
that  Section,  takes  this  opportunity  to 
express  its  sorrow  and  to  extend  to  his 
family  its  sympathy  with  the  assurance 
that  his  memory  will  remain  in  kindly 
thought." 

CHICAGO 

The  Board  of  Managers  met  on 
November  2,  and  the  following  Com- 
mittee Chairmen  were  appointed :  J.  J. 
Kirk,  Membership  Committee;  F.  A. 
Rogers,  Reception  and  Attendance  Com- 
mittee; E.  D.  Tillson,  Papers  Com- 
mittee. 

Preliminary  discussion  of  the  program 
took  place  and  it  was  decided  to  have 
a  meeting  on  November  30  at  7:30  P.  M. 
at  the  Fullerton  Hall,  Art  Institute, 
jointly  with  the  Western  Society  of  En- 
gineers and  the  Chicago  Section  of  the 
A.  I.  E.  E.,  the  speaker  to  be  W.  D'Arcy 
Ryan  and  the  subject  "Illumination." 

CLEVELAND 

The  first  meeting  of  the  Cleveland 
Chapter,  on  November  9,  was  held  joint- 
ly with  the  American  Institute  of  Archi- 
tects, at  which  time  the  subject  of 
"Artificial  Lighting"  was  discussed  by 
Mr.  C.  S.  Schneider  of  the  A.  I.  A.  and 
Mr.  Ward  Harrison  of  the  I.  E.  S. 

TORONTO 
Meeting — October,  1921 

The  first  meeting  of  the  Toronto 
Chapter  was  held  on  Oct.  17,  at  which 
time  Mr.  George  G.  Cousins  gave  an 
interesting  paper  on  "Automobile  Head- 
lights." A  number  of  headlight  lenses 
were  placed  in  a  demonstrating  reflector 
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and  the  beam  projected  on  a  screen, 
suitably  marked,  to  show  the  contours, 
relation  of  the  several  lenses  and  the  re- 
lation of  the  beams  to  the  road.  Com- 
parison between  the  laws  of  several 
States  with  the  law  of  Ontario  was 
shown  in  the  demonstration. 

Three  members  of  the  Toronto  Chap- 
ter were  appointed  to  confer  with  a 
committee  of  the  Ontario  Motor  League, 
for  the  placing  of  a  proposition  before 
the  proper  authorities  to  adopt  a  plan 
for  the  rational  enforcement  of  anti- 
glare laws  by  the  establishment  of  test- 
ing stations.  The  plan,  if  adopted, 
would  be  under  the  supervision -of  the 
police,  and  its  actual  operation  would  be 
educational  in  its  influence  as  well  as 
providing  means  for  effective  enforce- 
ment of  the  law. 


John  Newton  Stephens, 
Electrical  Engineer, 

British  Thomson  Houston  Co. 
"jy  Thames  Street, 
London,  England. 


Ltd., 


COUNCIL  NOTES. 

ITEMS  OF  INTEREST. 

At  the  meeting  of  the  Council  on  Oc- 
tober 13,  1921,  the  following  were 
elected  to  membership  upon  recommen- 
dation of  the  Board  of  Examiners : 

One  Member 
Orville  R.  Toman, 
Manager  and  District  Engineer, 
Bedford  Light,  Heat  &  Power  Co., 
215  Main  Street, 
Bedford,  Iowa. 
Three  Associate  Members 
Robert  Corey  Deale, 
Electrical  Engineer, 

Pond  Works  of  Niles  Bement-Pond 
Company, 

Plainfield,  New  Jersey. 

George  Norman  Gardner, 
Salesman, 
Canadian  Westinghouse  Co.,  Ltd., 
602  Hastings  Street,  W. 

Vancouver,  British  Columbia, 
Canada. 


Two  transfers  to  Associate  Membership 
were  approved  as  follows: 

Theo.  H.  Riser, 
Welsbach  Company, 
16  Oliver  Street, 
Boston,  Mass. 

R.  E.  Tyler, 
Manager, 

Philadelphia  Branch   Office, 
Shelby  Lamp  Division,  National 
Lamp  Works  of  G.  E.  Company, 
1941  Market  Street, 
Philadelphia,  Pa. 

One  Associate  Member  Deceased 

George  Holt  Lukes, 
General  Supt., 

Public  Service  Company  of 
Northern  Illinois, 
^2  West  Adams  Street, 
Chicago,  111. 


CONFIRMATION  OF  APPOINTMENTS 

The  appointments  of  the  following 
chairmen  and  committee  members  were 
confirmed : 

Council  Executive  Committee : 

Dr.  George  S.  Crampton,  Chairman 
Clarence  L.  Law 
L.  B.  Marks 
Preston  S.  Millar 
Walton  Forstall 

Committee  on  Finance: 
Adolph  Hertz,  Chairman 
D.  McFarlan  Moore 
S.  E.  Doane 
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General  Board  of  Examiners : 
L.  J.  Lewinson,  Chairman 
W.  R.  M'Coy 
W.  H.  Rolinson 

Committee  on  Progress: 

F.  E.  Cady,  Chairman 

G.  S.  Crampton 

F.  R.  Mistersky 
W.  E.  Saunders 

Committee  on  Motor  Vehicle  Lighting  : 
Clayton  H.  Sharp,  Chairman 

G.  N.  Chamberlin 
P.  W.  Cobb 

E.  C.  Crittenden 
M.  W.  Hanks 
W.  F.  Little 

W.  A.  McKay 
A.  L.  McMurtry 
H.  H.  Magdsick 
L.  C.  Porter 
G.  H.  Stickney 
J.  A.  Hoeveler 

L.  E.  Voyer,  Representative  in  State 
of  California 

Committee  on  Education : 

F.  C.  Caldwell,  Chairman 

S.  G.  Hibben,  Chairman  Sub-Com- 
mittee on  Popular  Education 

W.  J.  Drisko,  Chairman  Sub-Com- 
mittee on  Technical  Schools  and  Col- 
leges. 

F.  A.  Vaughn,  Chairman  Sub-Com- 
mittee on  Extension  Courses 

R.  B.  Ely,  Chairman  Sub-Com- 
mittee on  Public  Schools 

Field  Members 

A.  L.  Powell 

W.  M.  Skiff 
Committee  on  Lighting  Legislation: 

L.  B.  Marks,  Chairman 

W.  F.  Little,  Secretary 

Louis  Bell 

W.  T.  Blackwell 

F.  C.  Caldwell 

C.  E.  Clewell 


C.  W.  Cutler 
Ward  Harrison 
S.  G.  Hibben 
J.  A.  Hoeveler 
A.  R.  Holden 
O.  L.  Johnson 
Clarence  L.  Law 
M.  G.  Lloyd 
M.  Luckiesh 
R.  H.  Maurer 
A.  S.  McAllister 
G.  B.  Nichols 
W.  J.  SerriU 
R.  E.  Simpson 
G.  H.  Stickney 
L.  A.  Tanzer 
F.  A.  Vaughn 

The    following   Committees    were    ap- 
pointed :    . 

Nomenclature  and  Standards : 
A.  E.  Kennelly 
Clayton  H.  Sharp 
Louis  Bell 
E.  C.  Crittenden 
W.  A.  Dorey 
E.  J.  Edwards 
E.  P.  Hyde 
C.  O.  Mailloux 
A.  S.  McAllister 
W.  E.  Saunders 
C.  P.  Steinmetz 

Sky  Brightness: 

H.  H.  Kimball,  Chairman 

W.  F.  Little 

L.  B.  Marks 

M.  Luckiesh 

E.  H.  Hobbie 

Bassett  Jones 

E.  C.  Crittenden 

I.  G.  Priest,  Advisory  Member 

Artistic  Treatment  of  Interior  Light- 
ing : 

S.  G.  Hibben,  Chairman 

Committee  to  Co-operate  zvith  Fixture 
Manufacturers : 

M.  Luckiesh,  Chairman 
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W.  T.  Blackwell 
S.  G.  Hibben 
R.  H.  Maurer 
A.  L.  Powell 

Question  of  Adopting  the  Term 
"Luminaire"  as  a  General  Term  for 
Lighting  Fixtures — After  discussion,  it 
was  moved  that  the  Committee  on 
Nomenclature  and  Standards  draft  a 
letter  for  the  General  Secretary  to  send 
out  to  other  Societies  and  Organizations 
asking  their  opinion  of  the  use  of  this 
term. 

Technical  Bulletin — It  was  moved 
and  carried  that  the  Council  accept  the 
recommendation  of  the  Special  Com- 
mittee appointed  to  recommend  to  the 
Council  regarding  the  publication  of  a 
bulletin  on  "Lighting  the  Home  by 
Electricity"  prepared  by  a  committee 
appointed  for  that  purpose.  The  recom- 
mendation was  that  the  Council  approve 
the  issuing  of  a  bulletin  on  "Lighting 
the  Home  by  Electricity"  after  it  has 
been  approved  by  the  Committee  on 
Papers. 

The  Council  moved  that  a  committee 
be  appointed  to  recommend  a  bulletin 
program  and  procedure  in  the  physical 
handling,  classifying,  indexing,  etc.,  and 
to  report  their  recommendations  to  the 
Council  at  its  next  meeting. 

The  Council  moved  that  a  committee 
be  appointed  to  draft  a  bulletin  on 
"Lighting  the  Home  by  Gas." 

NOVEMBER  MEETING 

At  the  meeting  of  the  Council  on 
November  10,  1921,  the  following  were 
elected  to  membership : 

Three  Members 
Harrison  M.  Kijmmerle, 
Lighting  Specialist, 
115  East  34th  Street, 
New  York,  N.  Y. 


Raymond  V.  Owen, 

Lighting  Fixture  Designer, 
Luminous  Unit  Co., 
2615   Washington  Avenue, 
St.  Louis,  Mo. 
Edward  L.  Sherwood, 
Consulting  Engineer, 

Leffingwell-Ream  Companj', 
Chicago  and  New  York 

Ten  Associate  Members 

Maurice  P.  Brogan, 
Lumen  Unit  Company, 
6010  Euclid  Avenue, 
Cleveland,  Ohio. 
R.  L  Brown, 
Commercial  Manager, 
Little  Rock  Railway  &  Electric  Co., 
Little   Rock,   Arkansas 
George  Aubrey  Clewell, 

Lighting  Service  Department, 
Westinghouse  Lamp  Company, 
165  Broadway, 
New  York,  N.  Y. 
Edv/ard  a.  Evans, 
Salesman, 
Westinghouse  Lamp  Company, 
1272  Walker  Bank  Bldg., 
Salt  Lake  City,  Utah. 
Stanley  Alfred  Heman, 

Draftsman  and  Lighting  Engineer, 
Westinghouse    Lamp    Company. 
165  Broadway, 
New  York,  N.  Y. 
Thomas  S.  Le\t;r,  Jr., 

Office  Manager  and  Employment  Sup- 
ervisor, 
The  United  Gas  Improvement  Co., 
24  No.  22d  Street, 
Philadelphia,  Pa. 
Leon  C.  McArdle, 

Lighting  Service  Dept., 
The  Philadelphia  Electric  Co., 
1000  Chestnut  Street, 
Philadelphia,  Pa. 
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C.  J.  Rhea, 
Manager, 
The  Dillon  Lens  &  Mfg.  Co., 
Bridgeport,  Ohio. 

Walter  C.  Wagner, 

Chief  Engineer's  Department, 
The  Philadelphia  Electric  Co., 
1000  Chestnut  Street, 
Philadelphia,  Pa. 

Louis  H.  Werner, 
Vice-President, 

Central  Union  Gas  Co., 
529  Courtland  Avenue,  Bronx, 
New  York,  N.  Y. 

CONFIRMATION     OF    APPOINTMENTS 

The    appointments    of    the    following 
Chairmen  and  committee  members  were 
confirmed : 
Committee  on  Papers: 

H.  V.  Bozell,  Chairman 

A.  L.  Powell,  Vice-Chairman 

E.  A.  Anderson 

Conrad  Berens,  Jr. 

Julius  Daniels 

S.  G.  Hibben 

M.  G.  Lloyd 

Howard  Lyon 

A.  S.  McAllister 

Norman  Macdonald 

W.  L.  Plack  (Advisory  Member) 

Chairman    of     Section    Papers   Com- 
mittees. 
Committee  on  Editing  and  Publication 

Norman  Macdonald,  Chairman 

Ralph  C.  Rodgers 
Committee  on  Membership : 

G.  Bertram  Regar,  Chairman 

Merritt  C.  Huse 
Committee   to  Draft  Bulletin  on  Resi- 
dence Lighting  by  Gas 

Howard  Lyon 

R.  H.  Maurer 

Consideration  op  Motion  Passed  at 
Convention  During  Discussion  of  Sky 


Brightness  Report  : — The  Council  en- 
dorsed the  work  of  the  U.  S.  Weather 
Bureau  in  their  investigations  bearing 
upon  the  relative  importance  of  sun- 
light as  compared  with  artificial  light. 


NEWS  ITEMS 

Ohio  Highways  Traffic  Asaociation 

At  a  meeting  of  interested  parties  on 
Oct.  26,  1921,  in  Columbus,  Ohio,  an  or- 
ganization known  as  the  Ohio  High- 
ways Traffic  Association  was  formed  for 
the  immediate  purpose  of  promoting 
good  automobile  headlights  in  that  state. 
Mr.  C.  T.  Kelly  was  made  Commissioner 
and  Prof.  F.  C.  Caldwell  was  made 
President  of  the  organization. 

A  number  of  concerns  and  individuals 
who  are  financially  interested  in  the 
business  have  undertaken  to  raise  a 
considerable  fund  with  which  to  pay  in- 
structors and  other  workers  who  will 
operate  under  the  auspices  of  this  as- 
sociation. 

Professional  Opportunities 

Engineer:  There  is  a  position  avail- 
able in  a  research  laboratory  for  a 
young  man  of  pleasing  personality  who 
is  a  graduate  of  electrical  engineering. 
He  must  possess  an  analytical  or  re- 
search attitude  but  should  also  be  able 
to  present  new  ideas  and  developments 
in  lighting  to  others.  The  work  is  en- 
tirely along  the  lines  of  the  utilization 
of  light.  For  one  with  the  proper 
qualifications  this  position  holds  a  prom- 
ising future.  L.  N.  (i) 

General  Office 

Copies  of  the  following  issues  are  de- 
sired : 

Vol.  XV,  No.  7,  Oct.  10,  1920. 
Vol.  XVL  No.  3,  April  30,  1921 
The    General    Office    will    pay    fifty 
cents  each  for  copies  in  good  condition 
of  these  issues. 
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LIGHTING  LEGISLATION  COMMITTEE  BULLETIN. 
BY  L.  B.  MARKS,  Chairman 


WISCONSIN  SCHOOL  LIGHTING  CODE 

This  Code,  issued  by  the  Wisconsin  Industrial  Commission,  became 
effective  October  6,  192 1.  It  is  based  upon  the  I.  E.  S.  Code  of  Lighting 
School  Buildings  but  differs  from  it  in  several  requirements,  as  will  be 
noted.  New  York  State  was  the  first  state  to  officially  recognize  the 
I.  E.  S.  Code  as  a  guide  to  be  followed  in  passing  upon  the  artificial  light- 
ing of  school  buildings.  Wisconsin  is  the  first  state  actually  to  adopt  a 
complete  school  lighting  code. 

The  Wisconsin  Code  is  divided  into  3  sections,  (i)  Application  and 
scope  of  orders  and  meaning  of  terms;  (2)  Natural  lighting;  (3)  Artifi- 
cial lighting. 

Section  2.  Under  Daylight  Requirements  it  is  specified  that  class  and 
recitation  rooms  hereafter  constructed  shall  be  illuminated  by  the  un- 
ilateral or  by  the  bilateral  system.  The  glass  area  of  windows  shall  be  at 
least  I  square  foot  of  effective  glass  surface  for  every  6  square  feet  of 
floor  surface.  Only  clear  glass  shall  be  used  in  the  lower  portion  of  side 
windows.  Window  sills  shall  be  at  least  30  in.  above  the  floor.  A  sill 
height  of  36  to  42  inches  is  recommended.  In  general,  window  heads 
shall  not  be  less  than  11  ft.  4  in.  above  the  floor  and  in  no  case  shall  the 
top  of  glass  be  a  greater  distance  below  the  ceiling  than  12  inches.  The 
height  of  top  of  glass  above  floor  shall  be  such  that  the  ratio  of  room  width 
to  same,  (measured  at  right  angles  to  the  glass  surface)  will  not  exceed 
2}i,  except  where  bilateral  lighting  is  used  in  which  case  the  room  width 
may  be  increased  to  2^  times  the  height  of  top  of  glass  above  floor. 
Where  sk>'lights  are  used  no  limitation  is  placed  on  room  width.  Excep- 
tions are  made  in  the  case  of  basements,  halls,  corridors,  etc.  In  a  note 
it  is  stated  that  the  aim  is  to  secure  a  sky  exposure,  for  any  pupil's  desk, 
of  at  least  50  "square  degrees,"  preferably  5  degrees  vertically  and  10 
degrees  horizontally;  where  court  walls  or  walls  of  opposite  buildings 
make  it  impossible  to  secure  an  open  sky  exposure,  such  walls  are  to  be 
finished  very  light  in  color  and  prism  glass  is  to  be  used  in  the  upper  half 
of  the  windows. 

No  windows  are  permitted  in  the  front  wall  of  a  class  room  or  study 
hall  and  no  blackboards  are  permitted  on  the  same  wall  with  windows 
nor  within  4  feet  of  any  window. 
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Two  sets  of  shades  are  recommended  for  each  window,  one  set  of  tan 
colored  material  and  another  set  of  dark  green.  These  shades  are  to  be 
operated  on  two  rollers  placed  near  the  level  of  the  meeting  rail  so  that  they 
may  be  raised  or  lowered  from  the  middle  of  the  window.  This  plan  is 
followed  in  a  number  of  the  more  modern  schools  in  New  York  City  and 
is  illustrated  in  the  I.  E.  S.  Code  of  Lighting  School  Buildings. 

It  is  specified  that  the  ceilings  shall  be  finished  with  a  matte  (dull)  or 
semi-matte  surface  having  a  reflection  factor  of  at  least  70  per  cent ;  and 
that  the  walls  from  ceiling  down  to  top  of  blackboards,  or  to  height  of 
6  feet  above  floor,  shall  have  a  matte  surface  finished  with  a  reflection 
factor  of  not  less  than  25  per  cent  nor  more  than  50  per  cent.  Below  the 
6  foot  level  a  darker  finish  may  be  used. 

A  table  of  reflection  factors  is  given  for  different  wall  colors.  It  is 
specified  that  the  walls  of  "light"  courts  shall  be  finished  with  a  surface 
having  an  initial  reflection  factor  of  at  least  50  per  cent. 

Section  3.  Under  general  requirements  it  is  specified  that  when  the 
natural  illumination  falls  below  twice  the  minimum  values  for  artificial 
lighting  set  forth  in  the  following  table,  artificial  light  shall  be  used. 

(I)  (2) 

Minimum  perm^issible  Recommended 

intensity  of  ilium-  practice 

ination  at  the  work;  Foot-candles 

Foot-candles  

(a)  Storage  spaces 0.5 i  -  2 

(b)  Stairways,  corridors,  entrances, 

porticos,  etc i    2  -  4 

(c)  Boiler  rooms  and  similar  spaces  i    2-4 

(d)  Gymnasiums,  auditoriums,  assembly  rooms, 

museums,  art  galleries  2.5 4  and 

higher 

(e)  Class,  study,  recitation  rooms, 

libraries,   laboratories,   manual 
training,  domestic  science, 

(except  sewing)    5 Sand 

higher 

(f)  Sewing,  drawing,  drafting 8 12  and 

higher 

Exception.  For  existing  installations  the 
minimum  intensities  of  Column 
(i)  may  be  reduced  by  one- 
half. 

The  intensities  specified  in  this  table  are,  in  general,  almost  double  those 
specified  in  the  I.  E.  S.  Code  of  Lighting  School  Buildings. 
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Mention  is  made  of  the  fact  that  the  admixture  of  daylight  and  artifi- 
cial light  is  not  satisfactory  unless  the  artificial  light  is  derived  from  lamps 
designed  to  produce  light  having  a  spectrum  like  that  of  daylight.  Hence 
in  waning  da)'light  it  is  usually  desirable  to  pull  the  window  shades  and 
use  artificial  light  exclusively. 

The  principal  artificial  lighting  must  be  derived  from  over-head  lamps 
and  not  from  local  lamps  placed  close  to  the  work 

For  new  installations  it  is  specified  that  the  intensity  of  the  brightest 
square  inch  of  any  overhead  lighting  unit,  visible  from  any  location  at 
which  work  is  performed  and  located  within  an  angle  of  25  degrees  above 
eye-level,  shall  not  exceed  15  candlepower. 

The  intensity  of  the  brightest  square  inch  of  any  local  lighting  unit  shall 
not  exceed  3  candlepower. 

In  school  buildings  hereafter  constructed,  the  lighting  shall  be  so  ar- 
ranged that  the  ratio  of  the  illumination  at  the  lightest  spot  to  the  illumina- 
tion at  the  darkest  spot  is  not  greater  than  4  to  i. 

The  concluding  paragraphs  of  the  Code  contain  references  to  diffusion 
of  light,  exit  and  emergency  lighting,  switching  and  controlling  apparatus 
and  maintenance. 

The  Code  was  prepared  by  Mr.  John  A.  Hoeveler,  Electrical  Engineer, 
Wisconsin  Industrial  Commission,  in  co-operation  with  an  advisory  com- 
mittee of  which  Mr.  F.  A.  Vaughn  was  a  member,  representing  the  Illum- 
inating Engineering  Society  and  the  Committee  on  Lighting  Legislation. 

MASSACHUSETTS  INDUSTRIAL  LIGHTING  CODE 
Pursuant  to  a  resolution  adopted  at  the  November  meeting  of  the 
Advisory  Committee,  appointed  to  draw  up  rules  and  regulations  for 
lighting  factories,  mills  and  other  industrial  establishments  in  the  State 
of  Massachusetts,  the  Commissioner  of  Labor  and  Industries  in  that  state 
is  planning  to  promulgate  a  code.  The  code  is  to  be  advisory  for  the 
period  of  one  year,  and  thereafter  to  become  mandator}^,  after  such  amend- 
ments are  made  as  may  seem  desirable  after  a  year's  experience  and  after 
a  public  hearing  on  the  code. 

The  code  follows  rather  closely  the  lines  laid  down  in  the  I.  E.  S.  Code 
of  Lighting  Factories,  Mills  and  Other  Work  Places. 

Arrangements  have  been  made  with  Professor  Drisko,  of  the  Mas- 
sachusetts Institute  of  Technology,  to  plan  a  course  for  the  instruction 
of  inspectors  of  the  Department  of  Labor  and  Industries  along  the  lines 
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of  the  course  given  to  inspectors  in  the  states  of  New  Jersy  and  Pennsylva- 
nia in  connection  with  the  operation  of  the  industrial  lighting  code  in  those 
states. 

Dr.  Louis  Bell,  of  Boston,  is  chairman  of  the  Advisory  Committee  and 
also  represents  the  Committee  on  Lighting  Legislation  in  this  matter. 

Massachusetts  is  the  eighth  state  in  the  Un,ited  States  to  adopt  an 
industrial  lighting  code,  the  other  states  being  Pennsylvania,  New  Jersey, 
New  York,  Wisconsin,  Oregon,  California  and  Ohio. 
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ILLUMINATION  INDEX. 

Prepared  by  the  Committee  on  Progress. 


An  index  of  reference  to  books,  papers,  editorials,  news  and  abstracts  on  illumi- 
nating engineering  and  allied  subjects.  This  index  is  arranged  alphabetically 
according  to  the  names  of  the  reference  publications.  The  references  are  then 
given  in  order  of  the  date  of  publication.  Important  references  not  appearing 
herein  should  be  called  to  the  attention  of  the  Illuminating  Engineering  Society, 
29  VV.  39th  St.,  New  York,  N.  Y, 


Central  Station 

Proper     Use    of     Lamps     in     Electric 
Signs — 

Chemical  Abstracts 

Radiant  colors 
Electrical  Merchandising 

Color  Correction  and  High  Intensities 
in  Store  Lighting — 

Electrical  Review  (London) 

Colonial  Research — 

Electrical  Review  (IT.  S.) 

Illumination  and  Fixtures   for  Depart- 
ment Stores — Part  I 

Illumination  and  Fixtures  for  Depart- 
ment Stores — Part  II 

Problems     Involved     in     Lighting     of 
Signs  and  Billboards — 
(Editorial  also) 

Ornamental     Boulevard     Lighting     in 
Cleveland  Parks — 
(Editorial  also) 

Lighting  for  Art  Galleries  and  Public 
Buildings— Part  II 

Problems  of  Theory    and     Practice  in 
Modern  Lighting 

Paris  Meeting  of  International  Illumin- 
ation Commission — 

The  Illuminating  Engineering  Society — 

Illuminating    Engineers'    Annual    Con- 
vention Big  Success — 

Electrical  South 

Fundamentals  of  Residence  Lighting — 
Electrical  Times 

Stage  Lighting  EflFects— 


DATE 


PAGE 


3.A.Atherton,    E.E. 

1921 
Sept. 

SO 

0.   Prager 

June  20 

2003 

Norman   Macbeth 

Sept. 

116 

Sept.  2 

316 

A.  L.  Powell 

Sept.  10 

381 

A.  L.  Powell 

Sept.   17 

427 

J.  M.  Shute 

Oct.   8 

535 

C.  G.  Beckwith 

Oct.   8 

540 

E.   H.   Parker 

Oct.  8 

543 

Oct.  8 

546 

Oct.  8 
Oct.  8 

551 
552 

Oct.  8 

556 

Helen  A.   Smith 

Aug. 

16 

Sept.  15 

220 
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Electrical  World 

Bearing    of     Illumination     Intensity 
upon  Efficiency     of     Visual    Oper- 
ations— 
(And  editorial) 
Progress  in  Lighting  Told  at  I.  E.   S. 

Convention — 
Applied   Illuminating  Engineering  De- 
serves More  Consideration — 
Highw^ay  Illumination  is  an  Important 
and  Relatively  Untouched  Field  of 
Lighting- 
Relation  between   Street  Lighting  and 

Crime — 
The  Revised  Code  of  Lighting — 
Better    Illumination    Cuts    Production 
Costs — 


Electrician 

Welfare  Work  and  Factory  Lighting — 
A  Rugby  Church  Installation — 
Elektrotechnik  und  Maschinenbau 

Ein  Weg  zum   Studium  und  zur  Pro- 
jektierung  der  Innenbeleuchtun — 
Elektrotechnische  Zeitschrift 

Beleuchtung    und     Heizung.       Schein- 

vv^erier  mit  mehreren  Lichtquellen — 

Beleuchtung    und    Heizung.  Nachtrag- 

licher  Einbau  elektr.     Beleuchtung 

in  Automobile — 

Gas  Journal 

Nationally  Organized  Research — 
Gas  und  Wasserfach 

Photometrische  Prufungen  der  Physi- 
kalisch-Technischen     Reichsanstalt 
im  Jahre  1920 — 
General  Electric  Review 

A     Paint     that  will  not  Reflect  Ultra 
Violet  Rays — 
Illuminating  Engineer  (London) 

The   Cost  of   Publication  of   Scientific 

Researches — 
International  Cooperation  in  Scientific 
Research — 


M.   Luckiesh   and 

R.   H.    Sinden 

Oct.   1 

6^3 

Oct.    I 

68s 

Oct.  8 


Oct.  8 


W.    S.   Andrews 


L.   Caster 


July   30 

Oct. 

May 
May 


704 


706 


Oct.  8 
Oct.    15 

728 
760 

Ward    Harrison, 
0.  F.  Haas,  F.  W. 
Dopke 

763 

Sept.   16 
Sept.  16 

342 
361 

J.    Ondracek   Wien 

Dec.   19 

595 

July   28 

831 

Aug.   II 

889 

Sept.  14 

587 

515 


866 


"3 
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Ship-Lighting    in    Relation    to    Safety, 
Comfort,  and  Efficiency — 


W.  J.  Jones,  B.  Sc. 
Eng. 


Artificial  Light  as  an  Aid  to  Various 

Games  and  Sports — 
Optical  Signalling  in  the  War — 
Report  of   Council   for  the   Session — 

(Nov.,  1920 — June,  1921) 
Illuminants  used  for  Studio  Lighting — 
The  Use  of  Artificial  Light  as  an  Aid 

to    Various    Games    and    Sports —    J.   S.  Dow 


Journal  of  Franklin  Institute 

Studies  in  the  Field  of  Light 
Radiation — 

Journal  of  the  Optical  Society  of  America 

Some  Alajor  Problems  in  Photom- 
etry— 

Journal  of  Physical  Chemistry 

The  Oxidation  and  Luminescence  of 
Phosphorus — 

Light  and  Lampe 

Der    Lichtstrombegriff   und    seine   An- 

wendungen — 
Schaufensterbeleuchtungen     und    Lich- 

treklamen — 
Der  Luster-und  Lampenbehang — 

Motion  Picture  News 

Importance  of  Proper  Illumination  of 
Theatre  Interior — 

National  Glass  Budget 

Neon  Lamps  in  Agriculture — 
Nature 

New  Facts  of  Colour  Vision — 

Physical  Effects  Possibly  Produced  by 
Vision  Observed  by  Dr.  Russ — 

Pfliiger  Archiv  fiir  Die  Gesamte  Physiolo- 
gic, 189,  Heft  1/3 

Untersuchungen  uber  Lichtemfindlich- 
keit  und  Adaptierung  des  Voge- 
lauges — 


May 

June 
June 

June 
June 

June 


Charles    Fabry  Sept. 


J.   F.    Skogland  July 


H.   B.  Wiser  and 
Allen    Garrison        May 


July    14 

Aug.   II 
Aug.   II 


Dr.  F.  W. 

Edridge-Green    Aug.   25 

Dr.  H.  Hartridge        Sept.    i 


116 

141 
142 

144 
148 

149 


^-n 


366 


349 


324 

368 
371 


Sept.   17         1519 


July   2Z 


826 


Hans   Honigmann 


124 


TRANSACTIONS  I.  E.  S.— PART  I.  VOL.  XVI,  NO.  8,  NOV.  20,  I92I 


Philosophical  Magazine 

On     the     Variation   of   Resistance   of 
Selenium  with  Temperature- 
Physical  Review 

A  Disappearing  Filament  Optical  Pyr- 
ometer Free  from  Diffraction 
Effects  at  the  Filament— 

A  Direct  Reading  Spectrophotometer 
for  Measuring  the  Transmissivity 
of  Liquids — 

On  the  Photoelectric  Effect  of  Alkali 
Vapors — 

Total  Emissive  Powers  and  Resistiv- 
ities of  Tungsten  at  Incandes- 
cence— 

Color  Temperature  of  High  Efficiency 
Lamps — 
Physikalische  Berichte,  Heft  15 

On     Fechner's     Law     and     the     Self- 
Luminosity  of  the  Eye- 
Heft  16 

Herstellung     und     Eigenschaften     des 
optischen  Glasses — 

Das  Ultraviolett  im  Tageslicht  und  im 
Licht  kunstlicher  Lichtquellen— 

Railway  Electrical  Engineer 
Enginehouse  Lighting- 
Revue  Generale  de  I'Electricite 

Lampes  a  incandescense  a  filament  droit 
pour   recherches   de   laboratoire   et 
experiences  de  cours — 
Safety  Engineering 

Colored  Lights  Standardized— 
Scientific  American 

Protecting   Fruit   by    Colored    Light— 
The  Illuminated  Highway- 
Succeeding  in  Scientific  Research- 
Transactions  of  the  I.  E.  S. 

Interior  Lighting  of  Busses- 
Street  Car  Lighting- 
Railway  Car  Lighting— 


Snehamoy    Datta         Sept. 


C.  O.  Fairchild 


Aug. 


I.  G.   Priest  Aug. 

Jakob  Kunz  Aug. 

A.  G.  Worthing  and 
W.  E.  Forsyth  e       Aug. 

W.  E.  Forsythe  Aug. 

Wm.  Peddle 

F.  Weidert 
Fritz   Schanz 

Sept. 


Aug.  6 


Sept. 

Sept.  24 

Oct.  I 

Raymond  F.  Yates     Oct.  i 

L.     C.    Porter    and 

R.   W.   Jordan  July  20 

J.   A.   Summers  July  20 

George  E.  Hulse         July  20 


463 

116 

127 
130 

144 
147 

902 

947 
952 

334 

194 

126 

223 
230 
236 


95 
99 
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SECTION  ACTIVITIES 


NEW  ENGLAND 
Meeting — December,  1921. 

The  New  England  Section  met  on  De- 
cember I  at  the  Engineers'  Club,  where 
Mr.  Stephen  C.  Rogers  of  the  General 
Electric  Company,  Lynn,  Mass.,  presented 
a  paper,  "A  Point  Source  of  Light  for 
Laboratory  Use,"  in  which  he  explained 
motion  picture  projection  and  gave  a 
demonstration  with  suitable  apparatus. 
The  reading  of  the  paper  was  followed 
by  an  interesting  discussion.  There 
were  about  forty-five  members  and 
guests  present. 

NEW  YORK 
Meeting — December,  1921. 

A  meeting  was  held  on  December  15 
at  the  Engineering  Societies  Building 
at  8.00  P.  M.,  the  subject  "Signal  Control 
of  Traffic"  was  discussed.  Three  papers 
were  presented,  as  follows :  "Signal 
Control  of  Traffic,"  by  John  A.  Harriss, 
Special  Deputy  Police  Commissioner, 
City  of  New  York;  "Traffic  on  Fifth 
Avenue,"  by  Robert  Grier  Cooke,  Presi- 
dent of  the  Fifth  Avenue  Association; 
"Highway  Traffic  Signalling  with  Colored 
Lights,"  by  E.  A.  Warner,  Jr.,  of  the 
Union  Switch  and  Signal  Company. 
Some  remarks  were  made  also  by  Mr. 
Joseph  H.  Friedlander,  the  designer  of 
the  new  decorative  towers  to  be  installed 
on  Fifth  Avenue  for  the  purpose  of 
regulating  traffic. 


A  very  interesting  discussion  was  held 
by  the  members  and  guests  present,  the 
attendance  totaling  about  one  hundred 
and  ten. 

PHILADELPHIA 
Meeting — December,  1921. 

The  December  meeting  of  the  Phila- 
delphia Section  was  held  on  Tuesday, 
December  13,  1921,  at  8.00  P.  M.  at  the 
Engineers'  Club,  and  was  preceded  by 
a  dinner  at  which  twenty-seven  partici- 
pated. 

It  was  a  combined  meeting  with  the 
Philadelphia  Safety  Council,  and  the 
speaker  was  Mr.  S.  G.  Hibben  of  the 
Westinghouse  Lamp  Works,  New  York, 
whose  subject  was  "Safety  Factors  of 
Industrial  Lighting."  Mr.  Hibben  des- 
cribed some  of  the  general  principles  of 
the  transmission  and  reflection  of  light 
and  referred  to  its  color  values,  shadows 
and  the  effect  of  illumination  in  indus- 
trial establishments.  He  spoke  on  the 
value  of  good  lighting  in  factories  with 
respect  to  its  influence  on  the  prevention 
of  accidents  and  on  the  increase  of  the 
output.  The  discourse  was  illustrated 
by  a  number  of  demonstrations,  and  the 
subject  was  presented  in  a  most  interest- 
ing and  complete  manner. 

The  attendance  at  the  meeting  was 
fifty-three. 

Meetings  will  be  held  at  the  Engineers' 
Club,  of  Philadelphia.  1317  Spruce  St., 
at  8  :oo  P.  M.  on  the  second  Tuesday  of 
each  month.     Members  of  other  Chap- 
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ters  and  Sections  visiting  Philadelphia 
are  cordially  invited  to  attend.  The  fol- 
lowing papers,  programs  for  the  balance 
of  the  year  has  been  adopted. 

January  10th,  1922. 

"Making  Natural  Color  Motion  Pic- 
ture Films." 

By   W.   V.   D.   Keli<Ey,   Prizma   Inc., 
Jersey  City,  N.  J. 
Ladies'  Night. 

February  14th,  1922. 
"Principles  of  Illumination  Design." 
By  E.  A.  Anderson,  Illuminating  En- 
gineer, National  Lamp  Works,  Cleve- 
land, Ohio. 

March  14th,  1922. 
"Aesthetic   and    Utilitarian    VaJue    of 
Lighting  Fixtures." 
By  Emile  G.  Perrot,  Architect,  Phila- 
delphia, Pa. 

"History  and  Utilization   of  Lighting 
Fixtures." 

By     Stefan    de    Kosenko,    Sterling 
Bronze  Co.,  New  York  City,  N.  Y. 
Joint  Meeting  with  the  Lighting  Fix- 
ture Dealers'  Society  of  America. 

April  11th,  1922. 
"Some  Principles  of  Gas  Lighting." 
By  Howard  Lyon,  Physicist,  Welsbach 
Co.,  Gloucester,  N.  J. 

TORONTO  CHAPTER 
Meeting — November,  1921. 

The  Toronto  Chapter  met  on  Nov- 
ember 21  at  the  Chemistry  and  Mining 
Building  of  the  University  of  Toronto 
to  discuss  a  paper  "Illumination  and  Its 
Relation  to  Architecture,"  as  presented 
by  Mr.  S.  G.  Hibben  of  New  York. 
Mr.  Hibben  demonstrated,  with  various 
equipment,  light  control,  the  effect  of 
colored  lighting,  and  the  relation  of 
shade  and  shadow  in  illumination.  Also, 
lantern  slides  were  used  in  showing  good 


and  bad  examples  of  illumination.  At 
this  interesting  meeting  there  were  pres- 
ent about  fifteen  members  and  sixty- 
three  guests. 

Meeting — December,  1921. 

A  paper  on  "Street  Lighting,"  by  Mr. 
M.  B.  Hastings  of  the  Winter-Joyner 
Company,  was  presented  at  the  meeting 
of  the  chapter  on  December  19.  Mr. 
Hastings  gave  a  very  interesting  talk 
on  street  lighting  systems,  illustrating 
the  advances  that  have  been  made  in 
municipal  lighting,  especially  in  the  cities, 
towns  and  villages  of  Ontario  who  have 
joined  the  Ontario  Hydro-Electric  Power 
Commission  municipalities.  The  differ- 
ent systems  of  construction  in  these 
communities  were  outlined  and  shown 
on  lantern  slides.  Examples  of  street 
lighting  in  different  parts  of  the  Amer- 
ican continent  were  illustrated.  A  very 
interesting  and  practical  discussion 
followed  the  paper  on  mounting  heights 
of  units,  maintenance  of  units  and  lamp 
troubles.  About  twenty-five  members 
and  guests  were  present. 


COUNCIL  NOTES 


ITEMS  OF  INTEREST. 

At  the  meeting  of  the  Council  on  De- 
cember 8,  1921,  the  following  were 
elected  to  membership : 

Three  Members 

Samuel  F.  ArbuckeE^  Sales  Engineer, 
Lighting  Division,   U.   S.   Automotive 
Corp., 

1412  Central  Avenue, 
Connersville,  Indiana. 
Herbert  W.  Desaix,  Manager, 
Watson-Flagg  Engineering  Co., 
214  Straight  Street, 
Paterson,  N.  J. 
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Robert  John  Torrens,  Electrical 
Engineer, 
U.  S.  Naval  Observatory, 
Washington,  D.  C. 

Four  Associate  Members 

Frank  C.  Baleour,  Sales  Manager, 
Owlite  Distributing  Company, 
307  Union  Oil  Building, 
Los  Angeles,  Calif. 

J.  S.  Kirkpatrick,  Lighting  Specialist, 
Holophane  Glass  Company, 
342  Madison  Avenue, 
New  York,  N.  Y. 

Frank  L.  Sample, 
Illuminating  Engineer, 
National  X-ray  Reflector  Co., 
Room  65,  146  Summer  Street, 
Boston,  Mass. 

William  L.  Wall, 

Specialist  in  Spectacle  Optics, 
1716  Chestnut  Street, 
Philadelphia,  Pa. 


One  Member  Ee-elected 

Edward  S.  Clinch,  Jr., 
Consulting  Engineer, 
116  West  39th  Street, 
New  York,  N.  Y. 

One  Associate  Member  Ke-elected 

Mrs.  Mary  Hallock  Greenewalt, 
1424  Master  Street, 
Philadelphia,  Pa. 

The    General    Secretary    reported    the 
following  change  in  membership : — 

One  Member  Deceased 

Frederick  D.  Adams, 
Secretary  and  Treasurer, 
The  United  Illuminating  Co., 
128  Temple  Street, 
New  Haven,  Conn. 


Two  Associate  Members  Deceased 

Henry  M.  Levylier,  Buenos  Aires, 
Argentine  Republic,  South  America 

Leon  H.  Scherck, 
Central  Hudson  Gas  &  Electric  Co., 
Poughkeepsie,  New  York 


CONFIRMATIOM     01     APPOINTMENTS 

The  appointments  of  the  following 
chairmen  and  committee  members  were 
confirmed : 

Committee  on  Research 
Dr.  Louis  Bell 
Dr.  Knight  Dunlap 
Mr.  M.  Luckiesh 
Dr.  C.  H.  Sharp 
Dr.  L.  T.  Troland 

Dr.  W.  T.  Bovie  (Advisory  Member) 
Dr.  Wm.  Duane  (Advisory  Member) 
Dr.  E.  N.  Harvey  (Advisory  Member) 
Dr.  C.  A.  Skinner  (Advisory  Member) 
Dr.  F.  N.  Verhoeff  (Advisory  Member) 

Committee  on  Editing  and  Publication 
Allen  M.  Perry 

Committee  on  Membership 
H.  F.  Wallace 

E.  W.  Spitz 
Herman  Plant 

Committee  on  Education 
L.  A.  S.  Wood 

As  Members  of  Sub-Committee  on  Edu- 
cation in  the  Public  Schools 
J.  A.  Hoeveler 

F.  M.  Wicks 
F.  J.  McGuire 

Mrs.  Winifred  Hathaway 

As  Member  of  the  Sub-Committee  on 
Extension  Course 

Frederic  A.  DeLay 
Committee  on  Papers 

Earl  A.  Anderson 
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Committee  on  Artistic  Treatment  of  In- 
terior Lighting 
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NEWS  ITEMS. 

Code  of  Lighting  Approved 

The  "Code  of  Lighting,  Factories, 
Mills  and  other  Work  Places"  has  been 
officially  approved  by  the  American 
Engineering"  Standards  Committee  as 
"American  Standard,"  the  official  date 
of  approval  being  Dec.  31,  1921. 


General  Office 

As  there  have  been  many  inquiries  for 
the  "Code  of  Lighting  School  Buildings," 
a  new  edition  of  the  code  as  issued  in 
1918  will  be  printed  at  once. 


Reprints  of  the  "Code  of  Lighting, 
Factories,  Mills  and  other  Work  Places" 
as  published  in  the  November  20th  issue 
can  be  obtained  from  the  General  Office. 
There  has  been  incorporated  in  the 
pamphlet  a  table  of  contents  and  an 
index. 


Copies  of  the  following  issues  are  de- 
sired : 

Vol.  XV,  No.  7,  Oct.  10,  1920 
Vol.  XVI,  No.  3,  April  30,  1921 
The  General  Office  will  pay  fifty  cents 
each    for   copies   in   good   condition   of 
these  issues. 
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GAS  LIGHTING,  PAST,  PRESENT  AND  FUTURE  * 


BY  HOWARD  LYON.' 


The  world  seems  suddenly  to  have  come  to  a  parting  of  the 
ways  in  matters  political  and  moral  and  in  its  attitude  toward  the 
use  of  the  stored  energy  of  the  earth. 

Yesterday,  the  habit  was  prodigality.  To-day  the  slogan  is  con- 
serve, conserve.  As  members  of  the  Illuminating  Engineering 
Society,  we  are  deeply  concerned  in  all  problems  of  light,  its 
economical  production,  its  intensity  for  specific  tasks,  its  distri- 
bution, its  direction,  its  color,  its  esthetic  and  hygienic  effects  and 
every  sort  of  problem  to  which  light  is  applied. 

At  present,  light  is  produced  most  wastefully.  No  matter  how 
produced  the  thing  which  is  mainly  produced  is  heat  and  only  a 
fragment  comes  to  us  as  light.  From  the  coal  pile  to  light,  the 
bulk  of  the  coal  pile  goes  to  heat  and  a  part  which  I  may  speak 
of  as  the  dust  appears  to  us  as  light. 

There  are  those  who  are  dreaming  of  producing  light  directly 
by  the  transformation  of  energy  but  it  is  only  the  humble  fire-fly 
that  seems  to  have  succeeded  in  that  remarkable  problem. 

A  phase  of  the  changing  situation  as  far  as  conservation  is  con- 
cerned is  the  tendency  toward  the  production  of  a  different  type 
of  gas,  of  illuminating  gas,  than  that  with  which  we  have  been 
familiar.  It  has  been  the  custom  through  a  long  series  of  years 
to  rate  gas  according  to  its  candlepower.  The  new  rating  asked 
for  by  the  producers  of  gas  is  a  thermo-power  rating  based  on 
the  British  thermal  unit.  Just  as  we  speak  of  a  quantity  of  sugar 
or  water — so  many  pounds  of  sugar  or  so  many  pints  of  water; 
so  we  may  speak  perfectly  definitely  of  such  and  such  a  quantity 

*  A  paper  presented  before  a  meeting  of  the  York  Section  of  the  Illuminating  En- 
gineering Society,  December  9,  1920. 

'  Dr.  Howard  I,yon,  of  the  Welsbach  Company, 
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of  heat.  The  unit  quantity  of  heat  is  that  required  to  raise  the 
temperature  of  a  pound  of  water  one  degree  Fahrenheit,  and  is 
generally  briefly  designated  by  B.  t.  u.,  the  British  thermal  unit. 

The  gas  company  has  found  in  consequence  of  what  has  become 
now  really  a  scarcity  of  oil,  that  oil  is  too  expensive  to  put  into 
water  gas  for  enrichment  to  give  high  candlepower.  Possibly  the 
producers  of  gas  could  put  materials  derived  from  coal  into  what 
is  known  as  blue  water  gas — water  gas  without  the  enrichment  of 
oil — and  get  a  satisfactory  number  of  heat  units,  at  a  less  expense 
than  that  incurred  in  putting  oil  into  the  gas. 

In  the  course  of  my  discussion,  it  is  my  purpose  to  make  clear 
to  those  not  technically  trained,  the  nature  of  the  problems  in- 
volved in  these  questions. 

PROPERTIES  OF  GAS. 

In  the  production  of  light  in  the  past,  it  has  been  customary  to 
burn  gas  in  an  open  flame  burner  and  to  produce  light  by  the  in- 
candescence of  the  free  particles  of  the  carbon  in  the  gas.  If 
water  gas  is  not  enriched  with  oil,  it  does  not  free  particles  of 
carbon  in  such  a  way  as  to  give  light.  In  fact,  this  change  in 
composition  marks  the  passing  of  the  open  flame  burner  as  a 
source  of  light,  but  this  is  a  case  in  which  both  producer  and 
consumer  are  greatly  benefitted.  The  producer  can  make  some 
other  type  of  gas  cheaper.  The  consumer  is  driven  to  the  use  of 
gas  through  the  Bunsen  flame  and  the  mantle,  and  obtains  six 
times  the  efficiency  he  can  possibly  obtain  with  the  open  flame 
burner.  Such  a  change  would  be  of  definite  advantage  to  both 
the  producer  and  the  consumer. 

In  the  production  of  light  through  the  agency  of  the  Bunsen 
burner  and  mantle,  many  difficulties  are  encountered.  These 
difficulties  are  due  to  the  fact  that  the  energy,  gas,  is  not  stand- 
ardized. It  may  differ  in  composition  and  in  pressure.  Such 
differences  may  occur  from  city  to  city  or  they  may  occur  within 
the  same  city.  They  may  occur  within  the  successive  hours  of 
the  day  or  days  of  the  week  or  months  of  the  year.  There  is  an 
ever  changing  pressure  and  composition  of  the  gas. 

Anyone  with  elementary  understanding  of  physical  appliances 
can  see  that  the  device  which  works  under  one  condition  will  not 
work  the  same  under  conditions  totally  or  partially  different. 
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When  the  composition  of  gas  changes,  there  is  involved  a 
change  in  its  power  of  entrainment,  in  the  amount  of  air  neces- 
sary to  complete  its  combustion,  in  its  heat  unit  value.  All  of 
these  factors  affect  the  volume  of  a  flame  and  the  volume  of  the 
flame  must  be  suited  to  the  mantle  or  the  mantle  to  the  volume  of 
the  flame.  With  a  specific  mantle  the  flame  must  be  suited  to  that 
mantle  so  that  the  final  burning  shall  take  place  as  closely  as  pos- 
sible w^ithin  the  meshes  of  the  mantle. 

A  change  of  pressure,  too,  causes  a  change  in  the  amount  of 
entrainment  and  consequently  in  the  flame  volume.  These  diffi- 
culties have  been  met  in  the  past  by  provisions  in  the  device  itself 
for  adjustment  to  changes  in  composition  and  gas  pressure,  or 
they  have  been  met  by  not  being  met.  The  burner  has  been  per- 
mitted to  operate  w4th  poor  efficiency.  The  efficiency  of  a  gas 
for  the  purpose  of  heating  is  directly  related  to  its  heat  unit  value; 
570  B.  t.  u.  value  means  a  definite  heating  power  for  cooking  and 
various  processes  in  which  heating  is  involved. 

Another  consideration  comes  in  when  gas  is  applied  to  the 
production  of  light,  namely,  the  flame  temperature  of  the  gas. 
The  flame  temperature  of  gas  is  a  function  of  two  things;  first, 
the  quantity  of  heat  present;  secondly,  the  heat  absorbed  in  rais- 
ing the  products  of  combustion  up  to  the  final  temperature. 

Gases  differ  very  materially  in  the  quantity  of  air  required  to 
complete  combustion  and  very  materially  in  the  quantity  of  the 
products  whose  temperature  must  be  raised  to  some  higher  tem- 
perature, beginning  with  the  temperature  of  the  air. 

I  can  illustrate  the  relations  that  exist  between  the  heat  unit 
value  and  the  flame  temperature  by  naming  certain  properties  of 
well-known  constituents  of  illuminating  gas.  I  am  going  to  select 
for  my  illustration,  marsh  gas ;  the  chemist  will  understand  it  as 
CH4 ;  carbon  monoxide,  which  he  will  understand  as  CO ;  hydro- 
gen and  benzine  vapor.  The  last  named  is  not  present  in  gas  in 
any  large  proportion  and  in  cold  weather  it  is  condensed.  In  the 
warm  weather  it  begins  to  be  free.  Considering  these  gases  in 
order,  marsh  gas,  carbon  monoxide,  hydrogen  and  benzine  vapor, 
the  quantity  of  heat  that  will  be  yielded  by  burning  one  cubic  foot 
will  indicate  how  many  pounds  of  water  could  be  heated  one  de- 
gree as  follows,  in  B.  t.  u. : 
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For  marsh  gas,  the  value  is  919. 
For  carbon  monoxide,  about  330. 
For  hydrogen,  about  272. 
For  benzine  vapor,  about  3,574. 

These  values  are  given  to  show  you  that  the  heat  unit  value 
may  be  definitely  and  decidedly  different. 

The  flame  temperatures  of  these  same  gases  vary  as  i,  1.14, 
1.06  and  1.09.  One  might  naturally  think  that  i,  1.14,  1.06  and 
1.09  are  pretty  nearly  the  same  quantities  and  they  do  not  seem 
to  be  very  different.  Later  on,  when  I  discuss  mantles,  I  will 
show  that  even  such  slight  differences  must  be  considered,  for 
they  are  of  much  importance. 

It  is  unfortunate  for  combustion  that  the  oxygen  of  the  atmos- 
phere has  to  be  associated  with  so  much  nitrogen.  Nitrogen  is 
always  a  drag  on  flame  temperature.  For  every  volume  of  oxygen 
that  enters  a  burner,  four  volumes  of  nitrogen  are  dragged  along 
and  distinctly  effect  a  lowering  of  the  temperature  of  the  flame. 
It  is  also  true  that  where  one  of  the  products  of  combustion  is 
water  vapor,  it  reduces  the  flame  temperature  on  account  of  its 
high  heat  absorbing  capacity. 

However,  nitrogen,  water  vapor  and  carbon  dioxide  are  present 
in  the  products  of  combustion  and  their  temperature  must  be 
raised  to  the  final  temperature.  Flame  temperature  then,  depends 
on  two  factors — the  heat  unit  value  and  absorption  by  the  prod- 
ucts of  combustion. 

It  will  be  noted  that  the  number  given  for  benzine  vapor,  as  its 
heat  unit  value,  3,574,  is  more  than  ten  times  the  value  given  for 
carbon  monoxide.  Notwithstanding  that  fact,  the  flame  tempera- 
ture of  carbon  monoxide  exceeds  that  of  benzine  vapor.  The 
carbon  monoxide  flame  is  actually  a  hotter  flame — a  very  import- 
ant consideration  as  will  be  shown  later. 

One  of  the  changes  that  has  been  proposed  by  the  gas  compan- 
ies is  the  production  of  what  is  known  as  blue  water  gas,  which  is 
composed  mainly  of  carbon  monoxide  and  hydrogen  in  somewhat 
nearly  equal  parts,  constituting  95  per  cent,  of  the  gas,  this  being 
mixed  with  a  coal  gas  to  bring  its  heat  unit  value  up  to  a  certain 
standard. 
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After  people  become  familiar  with  the  fact,  they  would  be 
quite  satisfied  to  purchase  gas  according  to  its  heat  unit  content, 
but  at  present,  there  is  no  widespread  knowledge  concerning  the 
meaning  of  the  heating  value  of  the  gas. 

THE  GAS  MANTLE. 

Before  explaining  the  significance  of  flame  temperature,  it  will 
be  necessary  to  discuss  the  mantle  briefly.  The  mantle  is  a  very 
wonderful  structure.  Perhaps  as  great  skill,  chemical,  physical 
and  mechanical,  has  been  exercised  in  the  manufacture  of  mantles 
as  in  any  commercial  product  known  to  us. 

About  35  or  36  years  ago,  Karl  Auer,  an  Austrian,  in  Vienna, 
was  making  some  experiments  on  bodies  that  we  call  rare  earths. 
He  was  studying  the  spectrum  of  the  element  erbium  in  the  form 
of  erbium  oxide.  He  conceived  the  idea  of  saturating  a  cotton 
thread  with  a  salt  of  erbium  and  then  burning  off  the  fabric  of 
the  thread  thus  securing  some  of  the  material  in  form  to  intro- 
duce into  a  flame  for  his  spectral  study.  To  his  very  great  aston- 
ishment, he  found  that  when  the  material  of  the  thread  burned 
off,  the  erbia  ash,  repeated  in  all  its  structure  to  the  minutest 
detail  the  fibers  of  the  thread.  This  led  him  to  wonder  whether 
other  rare  earths  in  general  had  these  characteristics.  He  began 
to  investigate  and  found  that  that  was  a  common  characteristic, 
namely,  that  bodies  of  the  rare  earth  group  did  form  a  coherent 
ash. 

The  materials  that  are  used  for  the  cylindrical  webs  of  com- 
mercial mantles  are  sometimes  cotton,  sometimes  what  is  known 
as  artificial  silk,  and  sometimes  of  ramie,  which  is  a  China  grass. 
Artificial  silk  as  known  to  the  trade  is  dissolved  cellulose  formed 
into  rod  fibers. 

Dr.  Auer,  who  is  known  now  as  Baron  Von  Welsbach,  con- 
ceived the  idea  from  his  experiments  with  rare  earths  that  it 
would  be  possible  to  weave  cotton  in  the  form  of  a  cylindrical 
web,  to  saturate  it  with  the  rare  earths,  and  then  to  burn  off  the 
cotton  fabric  and  have  a  cylinder  or  cone  that  could  be  placed 
over  a  Bunsen  flame  and  be  made  a  source  of  light.  He  had  al- 
ready noted  that  the  oxide  of  the  rare  earth  when  introduced  into 
the  flame  glowed  with  great  brilliancy  and  he  did  actually  show 
the  processes  of  making  the  earlier  mantles,  but  they  were  com- 
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posed  of  materials  that  we  know  as  ceria,  lanthana,  and  zir- 
conia.  These  mantles  were  sold  to  the  public  but  they  were  very- 
unsatisfactory.  They  were  not  durable.  They  became  fragile 
under  the  influence  of  such  atmospheric  elements  as  carbon  diox- 
ide and  water  vapor,  very  much  as  lime  slakes  when  exposed  to 
the  atmosphere.  The  business  of  mantle  making  was  not  very 
prosperous  while  mantles  were  composed  of  these  materials. 

Dr.  Auer  attacked  the  problem  of  making  a  better  selection  and 
his  effort  finally  resulted  in  the  selection  of  two  of  the  oxides  of 
the  rare  earth,  ceria  and  thoria,  in  the  proportion  of  i  per  cent,  of 
the  former  to  99  per  cent,  of  the  latter.  Mantles  of  that  composi- 
tion are  made  and  universally  used  throughout  the  world  to-day. 
No  better  composition  has  been  found  and  we  may  fairly  say  no 
better  composition  is  in  sight  than  that  consisting  of  i  per  cent, 
cerium  oxide  and  99  per  cent,  thorium  oxide. 

What  is  the  significance  of  this  peculiar  and  particular  combi- 
nation of  these  oxides  of  the  rare  earths  ?  A  real  mathematician 
and  physicist  might  give  you  some  very  long  equations  and  might 
make  them  quite  confusing,  but  I  am  going  to  make  it  so  simple 
that  all  may  tmderstand.  Keeping  in  mind  the  composition  of  the 
mantle,  I  will  state  the  function  of  the  two  materials  introduced 
into  the  mantle  and  state  why  they  give  such  an  abundance  of 
light  when  heated  in  the  Bunsen  flame. 

When  thorium  oxide  is  heated  alone  in  a  flame,  it  gets  very 
hot,  closely  approaching  the  temperature  of  the  flame,  because  it 
is  so  constituted  that  it  does  not  radiate  its  energy  freely.  It  is 
one  of  the  few  things  that  may  attain  a  very  high  temperature  in 
the  flame  because  of  this  characteristic.  Thoria  would  not  make  a 
good  mantle,  nevertheless,  because  it  does  not  happen  to  radiate  its 
energy  in  the  form  of  light.    It  would  be  a  very  poor  light  giver. 

On  the  other  hand,  cerium  oxide  when  heated  alone,  being  a 
very  good  radiator,  does  not  attain  a  high  temperature.  There- 
fore, cerium  oxide  alone  would  not  make  a  good  mantle.  If  by 
any  means  cerium  oxide  be  heated  to  a  temperature  corresponding 
to  that  which  thorium  oxide  attains  in  the  flame,  it  gives  off  a 
flood  of  light.    It  radiates  efficiently  only  at  a  high  temperature. 

The  problem  was  or  is,  how  to  heat  cerium  oxide  to  a  high 
temperature  or  to  a  sufficiently  high  temperature  to  make  it  an 
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efficient  light  radiator.  The  method  is  exceedingly  simple.  A 
very  small  portion,  i  per  cent,  of  cerium  oxide,  is  combined  with 
a  very  large  amount,  99  per  cent,  of  thorium  oxide.  Thorium 
oxide  nearly  attains  the  high  temperature  of  the  flame  and  heats 
up  the  small  portion  of  cerium  oxide.  At  that  high  temperature, 
the  cerium  oxide  is  an  efficient  radiator  of  light. 

Simply  stated  this  is  the  theory  of  this  particular  composition. 
It  might  occur  to  one  that  if  we  increased  the  quantity  of  cerium 
oxide  we  would  secure  better  results.  No,  because  in  that  case, 
we  would  pull  down  the  temperature  of  the  flame  and  it  would 
not  radiate  light  efficiently.  One  might  think  that  the  output  of 
light  might  be  increased  by  diminishing  the  cerium  oxide.  That 
would  not  do,  because  when  we  passed  a  certain  limit  there  would 
not  be  enough  cerium  oxide  to  radiate.  Hence  there  is  a  critical 
composition  in  a  mantle  in  the  percentage  of  cerium  and  thorium 
oxide. 

There  is  also  a  critical  weight  of  a  mantle  per  unit  of  surface. 
If  a  mantle  is  made  very  light,  it  glows  very  brilliantly,  but  it  is 
too  fragile.  If  it  is  made  too  heavy  it  cannot  be  heated  hot 
enough  to  radiate  efficiently.  This  result  corresponds  to  the  well- 
known  fact  that  a  very  small  quantity  of  heat  cannot  heat  mate- 
rially a  quart  of  water,  but  that  same  quantity  of  heat  applied  to 
a  drop  of  water  will  bring  it  to  the  boiling  point.  The  same  heat 
energy  problem  prevails  in  regard  to  a  mantle. 

The  significance  of  flame  temperature  as  applied  to  efficiency 
of  light  production  in  mantles  is  not  difficult  to  understand. 
Marsh  gas  has  a  flame  temperature  which  is  represented  by  i, 
and  carbon  monoxide  a  flame  temperature  which  is  represented 
by  1. 14.  Those  numbers  do  not  seem  to  be  very  diff'erent  and 
their  significance  does  not  seem  to  be  very  great,  but  a  re- 
markable fact  is  that  near  the  temperature  which  a  mantle  ac- 
quires in  a  flame,  the  efficiency  of  light  production  does  not  vary 
as  the  flame  temperature,  or  in  this  case  as  i  to  1.14,  but  as  these 
numbers  raised  to  the  nth  power.  One  raised  to  the  nth  power 
is  I,  but  1. 14  raised  to  the  nth  power  is  the  quantity  4.2. 

The  interpretation  of  these  results  is  that  if  the  same  number 
of  heat  units  be  supplied  to  a  mantle,  first  using  marsh  gas,  and 
secondly,  carbon  monoxide,  the  resulting  light  efficiency  of  the 
two  would  vary  as  i  to  4.2.    There  is  thus  an  enormous  increase 


8  TRANSACTIONS  I.  E.  S.      VOI..   XVI,   NO.    I,  FEB.    ID,   I92I 

of  light  with  a  certain  slight  change  of  flame  temperature.  Now, 
if  the  gas  company  were  to  furnish  entirely  blue  water  gas  for 
lighting  purposes,  and  they  were  willing  to  supply  2  cu.  ft.  of  it 
for  I  of  carburetted  water  gas,  the  consumer  would  have  about 
the  same  number  of  heat  units,  but  the  flame  temperature  of  the 
blue  water  gas  would  be  relatively  about  1.016,  which  is  a  very 
small  increase,  but  on  the  basis  of  the  nth  power  of  1.016  a  non- 
carburetted  water  gas  or  blue  gas  would  give  20  per  cent,  greater 
efliciency  than  marsh  gas,  provided  that  the  same  number  of  heat 
units  were  supplied.  All  of  these  are  problems  of  mathematical 
precision. 

In  any  gas  lighting  device  one  may  increase  the  efficiency  of 
light  output  very  materially  by  increasing  the  entrainment  of  air. 
Increased  entrainment  of  air  means  a  condition  that  permits  pass- 
ing a  greater  number  of  heat  units  per  unit  of  time  through  a 
square  unit  of  surface  of  the  mantle  than  when  the  entrainment  is 
low. 

One  of  the  first  objects  that  is  sought  in  the  construction  of 
gas  burners  for  producing  light  through  the  agency  of  the  mantle 
is  to  increase  if  possible,  the  amount  of  entrainment  which  the 
burner  is  able  to  effect.  By  increasing  the  entrainment  there  is 
delivered  into  the  meshes  of  the  mantle  a  greater  number  of  heat 
units  and  more  gas  is  burned  within  the  meshes  of  the  mantle  in 
a  unit  of  time  than  would  otherwise  be  possible. 

The  position  of  the  mantle  with  reference  to  the  flame  has  a 
most  important  bearing  upon  the  light  output.  The  mantle 
should  so  be  positioned  that  the  final  combustion  will  occur  with- 
in the  meshes  of  the  mantle. 

Before  passing  entirely  the  subject  of  mantles,  it  is  well  to 
mention  the  importance  of  the  purity  of  the  materials  entering 
into  the  mantle  structure.  The  cotton  used  in  weaving  the  web 
from  which  the  mantle  is  made  is  treated  in  such  a  way  as  to 
have  as  high  a  degree  of  purity  as  it  is  possible  to  attain.  I  think 
it  contains  about  one-quarter  the  quantity  of  impurities  in  any 
form  that  is  contained  in  the  absorbent  cotton  that  is  supposed 
to  be  remarloibly  pure.  It  goes  without  saying  that  any  particle 
of  dust,  anything  otlicr  than  cerium  and  thorium  oxides  in  the 
mantle  will  have  a  very  detrimental  cn"ect  upon  the  light-giving 
power.    The  workers  in  the  factory  who  handle  the  mantles  must 
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work  with  clean  hands  and  the  room  must  be  clean.  The  chem- 
icals and  the  webbing  must  be  clean.  In  all  the  processes  of 
cleaning  webbing,  tons  and  tons  of  distilled  water  are  involved, 
and  in  some  of  the  processes  even  the  air  coming  into  the  room 
is  purified  by  being  sprayed  with  water  before  it  is  admitted. 

Purity  is  the  watchword  all  through  the  mantle  processes  and 
I  think  no  more  careful  attention  has  been  given  to  the  chem- 
istry of  any  product  than  is  given  to  that  of  a  gas  mantle. 

THE  GAS  BURNER. 

As  is  well  known,  the  first  object  in  the  construction  of  a  de- 
vice for  giving  light  through  the  agency  of  the  Bunsen  flame  and 
the  mantle  is  that  the  device  itself  be  dependable,  reliable.  It 
must  give  no  trouble  to  the  user.  Much  attention  has  been  given 
to  that  matter,  as  well  as  to  the  features  of  the  burner  that  make 
for  increased  entrainment.  It  goes  without  saying  that  the  orifice 
from  which  the  gas  comes  as  a  fine  stream  must  be  straight  so 
that  the  stream  includes  the  axis  of  the  tube  beyond;  if  it  does 
not  go  straight  the  entrainment  is  not  perfect. 

There  is  generally  some  sort  of  mechanism  by  which  the  gas 
stream  may  be  controlled  as  the  pressure  increases  or  diminishes 
or  the  gas  changes  in  composition  due  to  the  non-standardization 
of  the  gas. 

From  the  orifice,  gas  issues  into  a  tube  of  some  width,  which 
has  openings  to  admit  the  air  from  the  atmosphere.  Generally 
these  openings  are  controlled  by  an  air  shutter,  by  turning  which 
the  amount  of  air  that  enters  may  be  varied.  This  tube  graduallv 
narrows  down  to  a  certain  diameter  at  the  so-called  "constric- 
tion" point.  It  makes  a  great  deal  of  difference  where  that  con- 
striction begins  as  a  real  constriction,  that  is,  how  far  away  from 
the  point  of  the  issuing  gas.  It  also  makes  a  great  deal  of  differ- 
ence whether  that  constriction  bears  some  definite  relation  in 
diameter  to  the  gas  stream.  In  the  design  of  the  burner  all  such 
matters  are  attended  to  with  great  care. 

Beyond  the  constricted  portion,  the  tube  again  widens  to  con- 
form with  the  stream  lines  of  the  gas.  The  widening  of  the  tube 
at  some  specific  and  definite  angle  furthers  the  passing  of  the  gas 
through  the  tube  with  the  minimum  of  friction.  A  commercial 
burner,  viewed   casually  appears  as  though   someone  had   con- 
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ceived  of  it  as  being  of  a  pretty  shape,  but  back  of  that  shape, 
pretty  or  otherwise,  is  some  foundation  of  principle.  Beyond  the 
widened  portion  and  in  the  burner  head,  attention  is  still  given  to 
the  stream  lines  so  that  there  shall  not  be  eddies  in  the  course  of 
the  flow.  When  all  these  things  are  attended  to,  the  air  is  en- 
trained in  larger  and  larger  proportions  to  the  volume  of  the  gas 
that  is  passing  through. 

Somewhere  in  the  structure  of  a  burner  there  must  be  some- 
thing equivalent  to  a  piece  of  wire  gauze  to  prevent  "back  fire," 
as  the  action  is  termed.  At  the  moment  of  turning  on  the  gas 
and  later,  there  may  be  a  back  fire  or  explosion  which  will  shatter 
a  mantle.  Somewhere  within  the  structure  is  introduced  a  bit  of 
gauze,  its  purpose  being  the  same  as  that  of  the  gauze  in  the 
miner's  lamp,  namely,  to  lower  the  temperature  of  the  mixture  so 
that  ignition  will  not  spread  further  than  just  to  the  gauze. 

When  gas  is  turned  into  a  burner  there  is  not  only  the  air  that 
is  entrained  in  the  air  ports  but  also  that  which  was  present  in 
the  burner  tube.  There  may  be  such  a  proportion  of  air  at  the 
outset  as  to  form  an  explosive  mixture. 

In  turning  off  gas  supply,  the  loss  of  velocity  of  the  issuing  gas 
may  result  in  an  explosion.  Two  forces  are  always  at  work.  The 
first  is  the  translational  velocity  of  the  gas  out  from  the  burner 
nozzle  and  the  second  is  the  velocity  with  which  the  explosion 
spreads  through  the  mixture  of  air  and  gas  back  towards  the 
burner. 

The  flame  is  the  resultant  shape  of  the  zone  where  those  two 
forces  or  velocities  are  balanced,  the  onward  motion  of  the  gas 
and  the  backward  explosition  as  the  combustion  takes  place. 

I  have  given,  as  I  have  intended,  a  good  deal  of  theory  in  as 
simple  a  form  as  I  have  been  able  to  command  and  the  hard 
headed  ones  among  you  will  say:  "What  is  the  use  of  this? 
What  does  it  amount  to?" 

Well,  we  that  are  closer  to  the  matter  than  you,  see  that  it  is 
all  important.  Considering  one  of  the  features  that  I  have  spoken 
of,  increased  entrainment,  what  does  it  mean?  What  does  it 
signify?  What  does  it  amount  to?  Well,  just  this.  If  a  burner 
entrains  or  draws  in  at  the  air  port  2.5  volumes  of  air  to  one  of 
gas  or  less,  one  cannot  secure  satisfactory  incandescence  of  a 
mantle  or  a  good  output  of  light  from  a  mantle  unless  it  be  sur- 
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rounded  with  chimneys  or  cyHnders.  (This  remark  applies  to 
carbiiretted  water  gas  or  to  coal  gas  of  recent  years.)  Until 
within  the  last  very  few  years,  almost  all  devices  for  giving  illu- 
mination through  the  burner  and  mantle  were  provided  with 
chimneys. 

What  objection  is  there  to  chimneys?  Why  just  the  objection 
of  great  bulk.  Until  within  very  recent  years,  burners  had  to  be 
provided  with  chimneys  to  give  a  satisfactory  output  of  light. 
By  increasing  the  entrainment  to  four  volumes  of  air  to  one  of 
gas,  one  is  able  to  dispense  with  chimneys,  and  this  ver>'  mate- 
rially tends  to  diminish  the  bulk  of  the  burner  structure  and  per- 
mits artistic  surroundings  or  housing  for  the  lighting  device.  To 
the  layman,  it  obliterates  the  lighting  device  and  all  he  sees  is 
the  light  through  an  attractive  housing.  Even  though  a  burner 
operates  without  a  chimney  or  cylinder,  there  is  a  brilliant  incan- 
descence of  the  mantle. 

Thus,  the  breakage  of  glassware  is  eliminated  and  the  structure 
can  be  concealed  within  the  bowl.  When  the  fixture  is  hung,  one 
sees  no  part  of  the  burner  structure  at  all.  One  of  the  arms 
serves  as  the  conductor  of  the  gas  down  to  the  burner  structure. 
In  the  various  smaller  units,  compactness  of  structure  is  due  to 
the  fact  that  one  need  not  surround  the  burners  with  close  fitting 
glassware.  Glassware  may  be  used  for  artistic  purposes  or  to 
cut  off  the  intense  glare  of  a  mantle  surface,  but  it  is  not  needed 
at  all  to  make  the  lamp  a  more  efficient  light  giver.  It  is  simply 
an  ornament,  as  is  the  case  with  a  lady's  hat — not  absolutely 
necessar}'-,  but  giving  an  attractive  appearance. 

Another  very  important  result  of  increased  entrainment  aside 
from  those  mentioned,  namely,  the  elimination  of  glassware,  con- 
cealment of  the  device  and  artistic  housing,  is  the  increase  in  spe- 
cific brightness  of  a  mantle  surface. 

By  paying  attention  to  the  stream  lines  of  burner  passages 
there  is  secured  another  important  possibility,  namely,  that  of 
shortening  the  Bunsen  tube  or  burner  structure.  In  some  early 
mantle  lamps  that  had  very  long  burner  tubes,  it  was  impossible 
to  make  an  artistic  structure,  but  with  the  shortening  of  the  tubes, 
compact  and  artistic  structures  are  possible.  Furthermore,  atten- 
tion to  the  stream  line  of  passages  makes  the  devices  capable  of 
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operating  with  some  degree  of  satisfaction  under  varying  condi- 
tions. It  makes  a  more  ilexible  device  and  adapts  it  better  to 
changing  conditions  of  gas  pressure  and  quaHty. 

The  principles  involved  in  the  incandescent  gas  lamp  are  attrac- 
tive from  a  scientific  standpoint  and  have  resulted  in  artistic  struc- 
tures that  have  contributed  in  countless  numbers  to  the  comfort 
of  the  home. 

DISCUSSION. 
The  above  paper  was  discussed  simultaneously  with  that  of 
R.  H.  Maurer,  "The  Testing  of  Gas  Lamps."    See  page  i8. 
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THE  TESTING  OF  GAS  LAMPS  * 


BY  R.   H.   MAURER.^ 


The  purpose  of  this  paper  is  to  explain  why  and  how  gas  lamps 
are  tested  by  the  Consolidated  Gas  Company  of  New  York,  and 
the  value  of  such  testing  from  both  the  commercial  and  the  illu- 
minating engineering  standpoint. 

One  aim  of  the  Illuminating  Engineering  Society  is  to  better 
lighting  conditions  throughout  the  country.  This  is  a  gigantic 
task  and  can  be  accomplished  only  by  the  hearty  cooperation  of 
all  interested  in  lighting,  be  it  gas,  electric  or  oil,  and  especially  of 
those  engaged  in  the  commercial  effort  who  can  best  help  to  carry 
the  good  work  to  the  public.  In  order  to  promote  the  proper  use 
of  light  it  is  necessary  to  equip  these  missionaries  with  proper  data 
so  that  when  they  go  out  to  sell  lighting,  be  it  units  or  service, 
they  can  talk  intelligently  on  the  subject. 

How  much  easier  it  would  be  to  sell  a  particular  lighting  unit, 
for  instance,  if  the  salesperson  could  tell  the  prospective  customer 
that  the  unit  in  question  would  give  a  certain  candlepower  or 
illumination  when  placed  in  the  room  in  question,  how  many  such 
units  would  be  required,  the  operating  cost  of  the  same  and  the 
effect  of  various  colored  walls  and  ceilings,  etc.,  and  how  money 
could  be  saved  by  planning  the  lighting  installation  along  certain 
lines  and  placing  the  outlets  to  the  best  advantage. 

Unfortunately,  there  are  numerous  irresponsible  retailers  and 
house  to  house  peddlers  whom  we  can  hardly  hope  to  reach  in 
our  effort  to  educate,  and  who,  I  believe,  are  responsible  for  most 
of  the  lighting  atrocities  which  we  find  to-day.  The  only  way 
to  improve  this  condition  is  by  spreading  propaganda  through  the 
public  utilities  and  other  responsible  lighting  organizations  to 
such  an  extent  that  the  general  public  obtains  some  idea  of  the 
benefits  to  be  derived  from  following  our  advice  so  they  will 
eventually  demand  that  their  lighting  equipment  be  installed  in 
accordance  with  good  practice. 

If  all  lighting  service  companies  and  others  interested  in  selling 
lighting  equipment  would  insist  upon  selling  only  the  units  which 

*  A  paper  presented  before  a  meeting  of  the  New  York  Section  of  the  Illuminating 
Engineering  Society,  December  9,  1920. 

1  R.  H.  Maurer,  Illuminating  Engineer,  Consolidated  Gas  Company  of  New  York. 
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have  been  tested  and  proven  safe,  efficient  and  satisfactory  from 
an  aesthetic  and  ilkiminating  engineering  standpoint,  much  of  our 
present  bad  lighting  would  be  eliminated. 

In  our  own  company  it  has  been  found  necessary  and  ultimately 
profitable,  to  instruct  those  engaged  in  the  selling  of  lighting  units 
in  the  general  requirements  of  good  illumination.  We  are  con- 
vinced that  selling  lighting  fixtures,  lamps  and  accessories,  under 
these  conditions,  will  prove  better  for  both  the  seller  and  the 
buyer,  than  if  the  salesperson  does  not  know  the  rudiments  of 
correct  illumination. 

In  order  to  secure  illumination  data,  it  is  necessary  to  test 
many  lamps,  mantles,  glassware  and  accessories.  There  are,  how- 
ever, many  subjects  such  as  glare,  effect  of  colored  walls,  ceilings, 
hangings  and  other  aesthetic  considerations  which  do  not  come 
under  the  subject  of  this  paper.  Our  chief  concern  in  testing 
lamps  is  to  secure  the  most  efficient  unit,  and  after  we  have  done 
this  our  next  step  is  to  equip  that  unit  with  proper  shading  or 
reflecting  media  and  to  gather  such  data  as  will  help  in  laying  out 
a  lighting  installation  using  the  lamps  approved. 

The  testing  of  gas  lamps  is  carried  on  in  our  laboratory  some- 
what in  the  following  manner,  and  from  the  results  obtained  from 
these  tests  the  lamps  are  approved  or  not  approved  for  the  use 
of  the  company. 

For  convenience  in  testing,  gas  lamps  are  classified  in  the  fol- 
lowing manner : 

Upright  Mantle  Units — Domestic 

Commercial 
Industrial 
Inverted  Mantle  Units — Domestic 

Commercial 
Industrial 
When  a  lamp  is  received  for  investigation,  it  first  undergoes  a 
rigid  physical  examination,  that  is,  it  is  examined  for  safety, 
workmanship  and  construction,  weak  points  are  noted  and  if  these 
points  can  be  easily  adjusted  the  manufacturer  is  informed  and 
the  changes  are  made.  If,  on  the  other  hand,  the  lamp  would 
have  to  undergo  a  complete  reconstruction  to  meet  our  require- 
ments, the  unit  is  not  tested,  but  is  sent  back  to  the  manufacturer 
with  a  statement  of  our  objections,  and  he  is  at  liberty  to  make  a 
new  unit  and  submit  it  for  consideration. 
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RADIAL  PHOTOMETER  ROOM. 

In  Fig.  I  is  shown  the  radial  photometer  room.  This  room  is 
finished  completely  in  dull  black.  The  radial  photometer  consists 
of  a  3-meter  bar  photometer,  using  an  electric  standard  or  pen- 
tane  standard  lamp.  Use  is  made  of  a  Luhmer-Brodhun  disc  and 
sight  box.  The  main  feature  of  this  photometer  is  the  rotating 
head  which  is  equipped  with  two  mirrors  and  revolves  on  a  cir- 
cular track,  the  degrees  being  calibrated  on  the  circular  head. 

The  gas  lighting  unit  to  be  tested  is  hung  on  an  adjustable  iron 
tripod  and  can  be  readily  adjusted  to  any  position  desired  by  the 
aid  of  a  swivel  joint  specially  constructed  for  this  purpose. 

The  electric  current  used  for  the  standard  lamp  is  taken  from 
a  battery  of  74  storage  cells  of  two  volts  each.  The  current  is 
controlled  and  measured  for  this  lamp  by  the  use  of  a  potenti- 
ometer and  galvanometer,  A  novel  feature  of  the  battery  room 
is  that  any  combination  of  voltages  desired  from  2  volts  to  150 
volts  can  be  obtained.  This  is  made  possible  by  arranging  the 
cells  in  four  sections  of  13  cells  each,  with  22  end-cells  separately 
connected  to  the  switch  board. 

METHOD  OF  TEST. 

The  lamp  is  examined  for  the  simplest  method  of  adjustment, 
that  is,  (a)  gas  adjustment  only;  (b)  air  adjustment  only;  (c) 
gas  and  air  adjustment. 

The  test  begins  by  determining  the  candlepower  distribution  in 
a  vertical  plane  with  the  lamp  new,  equipped  as  placed  on  the 
market,  or  with  special  equipment  covered  by  the  assignment. 
The  initial  distribution  test  is  performed  with  stored  gas  which 
enables  the  test  to  run  over  until  the  next  day  with  very  little 
change  in  the  heat-unit  value  of  the  gas.  Two  75-cu.  ft.  holders 
are  used  for  this  purpose. 

After  the  simplest  adjustment  is  made,  the  lamp  is  set  on  the 
photometer  and  the  mantles  supplied  with  the  lamp  are  put  in 
place  and  burned  off,  each  mantle  being  lighted  from  the  top.  The 
glassware  is  cleaned  or  use  is  made  of  a  cylinder,  unless  the  lamp 
is  of  a  type  that  requires  an  outside  globe,  or  the  assignment 
specifically  requires  the  test  to  be  made  with  certain  glassware 
equipment.  The  lamp  is  then  adjusted  to  approximately  the  maxi- 
mum light  output,  and  the  mantle  is  burned  for  half  an  hour  in 
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order  to  maintain  an  even  temperature  for  the  burner.  After  this 
burning  the  lamp  is  adjusted  by  the  use  of  the  radial  photometer 
to  its  best  efficiency  or  maximum  candlepower  combined  with 
minimum  gas  and  air  supply.  The  photometric  readings  are  taken 
at  the  90°  position  for  the  upright  lamps  and  75°  position  for  the 
inverted  lamps.  I  might  say  here  that  the  maximum  candlepower 
for  upright  mantles  without  enclosing  glassware  is  found  nearly 
always  at  the  90°  position,  and  that  for  the  inverted  mantles  at 
the  75°  position. 

In  order  to  find  the  average  position  which  is  fair  for  the  lamp 
on  test,  the  candlepower  of  the  lamp  is  taken  at  six  equidistant 
asimuths,  at  the  90°  position  for  upright  and  at  75°  position  for 
the  inverted  lamps,  the  nadir  position  being  at  0°.  The  mean 
position  for  the  lamp  for  photometering  is  determined  from  these 
figures,  so  that  it  will  be  possible  to  duplicate  the  position  after 
the  lamp  has  been  taken  into  the  life  test  room. 

RESULTS  OF  TESTS. 

The  data  for  the  candlepower  distribution  curve  is  determined 
from  an  average  of  several  readings  taken  at  each  10°  position. 
The  calorific  value,  specific  gravity,  consumption,  pressure  and 
temperature  of  gas,  together  with  atmospheric  conditions  are 
noted.  The  temperature  of  various  parts  of  the  lamp,  especially 
those  likely  to  be  handled,  and  the  behavior  of  the  lamp  in  general 
are  also  noted. 

Tests  of  candlepower  distribution  are  run  at  all  gas  pressures 
from  15/10  in.  to  45/10  in.  of  water  column  for  low-pressure 
units  and  from  1.5  lb.  to  3.5  lb.  for  high-pressure  units,  the  lamp 
being  given  an  average  adjustment  with  minimum  attendant  gas 
consumption  at  each  pressure. 

A  curve  of  pressures  and  the  mean  spherical  candlepower  is 
drawn  and  the  pressure  corresponding  to  the  maximum  mean 
spherical  candlepower  is  noted.  The  values  at  various  pressures 
are  taken  from  the  candlepower  distribution  tests  at  these  pres- 
sures. 

In  order  to  determine  the  variation  in  efficiency  and  in  candle- 
power  of  the  lamp  with  small  changes  in  consumption,  gas  is  sup- 
plied at  the  above  determined  maximum  mean  spherical  candle- 
power  pressure.    Several  eye  adjustments  are  made  so  as  to  vary 
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Fig.    I. — Radial    Phototm-tcr    Room. 


Fig.  2. — Life  Test  Room,  where  mantles  and  lamps  are  tested. 


Fig-  3 — View  of  the  gas-lamp  exhibit  taken  by  the  normal  light  of  the  auditorium. 


Fig.  4. — Gas-lamp  exhibit  with  auditorium  darkened. 
In  connection  with  the  presentation  and  discussion  of  the  papers  by  Messrs.  Lyon 
and  Maurer,  there  was  arranged  by  Mr.  F.  R.  Barnitz,  assistant  secretary  of  the 
Consolidated  Gas  Company,  in  this  company's  building  where  the  meeting  was  held, 
the  exhibit  of  gas  lamps  shown  in  the  above  illustrations.  On  the  stage  in  show- 
window  style  there  were  hung  various  types  of  side-wall  and  ceiling  fixtures  equipped 
with  various  vertical  and  inverted  mantles.  On  either  side  were  mounted  the  letters 
I.  E-  S.  finished  in  gold.  In  two  smaller  supplementary  booths,  one  on  each  side, 
were  displayed  the  new  semi-indirect  units.  Gas  floor  lamps  of  a  handsome  design 
were  placed  to  the  right  and  left  of  the  stage,  and  also  at  the  entrances  at  the  rear 
of  the  hall. 
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the  consumption  on  both  sides  of  that  corresponding  to  the  max- 
imum candlepovvcr,  the  gas  consumption  and  candlepower  data 
being  noted. 

Curves  are  then  plotted  showing  the  correct  consumption  and 
pressure.  The  mantles  are  then  changed  for  the  mantles  of  the 
definite  unit,  weight  of  ash  and  saturation  known  as  the  stand- 
ard mantles,  against  which  the  original  mantles  are  compared 
after  having  been  burned  on  the  life  rack. 

In  order  to  duplicate  the  conditions  found  in  actual  practice 
the  lamp  is  then  removed  to  the  life  room,  shown  in  Fig.  2,  or  if 
outdoor  units  they  are  moved  to  an  outdoor  life  rack.  The  units 
are  operated  for  a  maintenance  period  at  standard  service  pres- 
sure of  25/10  in.  of  water  column,  and  allowed  to  burn  for  five 
hours  each  day.  During  the  maintenance  period,  usually  100 
hours,  notes  are  made  of  the  operation  and  behavior  of  the  lamp, 
mantle  or  globe  breakage,  popping,  flashing  (especially  at  igni- 
tion), carbonization,  whistling  or  roaring  and  other  information 
and  incidents  of  interest,  and  changes  are  suggested  to  the  manu- 
facturer to  overcome  any  defects. 

At  the  end  of  the  maintenance  period,  the  lamp  is  removed  bodily 
and  replaced  on  the  3-meter  photometer  and  the  candlepower  dis- 
tribution is  again  noted  at  25/10  in.  gas  pressure,  with  the  test 
mantles  and  with  standard  mantles.  The  total  deterioration  of 
the  unit  as  a  lamp  is  thus  measured.  The  glassware  is  cleaned, 
replaced  and  further  candlepower  distribution  readings  are  taken 
with  both  the  supplied  and  the  standard  mantles,  under  conditions 
as  closely  approximating  the  original  as  possible.  The  losses  due 
to  the  dirt  accumulation  on  glassware,  and  the  accumulation  in 
lamp  proper  and  the  mantle  deterioration  can  be  computed  from 
these  data. 

If  the  lamp  shows  decided  promise  and  efficiency  a  life  test  is 
made.  The  lamp  is  put  back  on  the  life  rack,  and  using  the  test 
mantles,  it  is  allowed  to  burn  for  a  period  of  from  1,000  to  2,000 
hours  at  the  standard  pressure,  and  the  same  procedure  is  fol- 
lowed as  above.  During  this  burning,  the  lamps  are  inspected 
daily  and  notes  are  made  on  the  operation,  as  well  as  the  number 
of  adjustments  necessary. 
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From  the  results  of  our  tests  we  obtain  the  following  informa- 
tion which  is  of  value  to  the  commercial  department  and  the  il- 
luminating engineer : 

(a)  The  efficiency  of  the  lamp— rated  in  lumens  per  heat 

unit  (B.  t.  u.)  per  hour. 

(b)  The  gas  consumption  at  all  pressures  and  the  maxi- 

mum candlepower  in  any  particular  direction. 

(c)  The  absorption  by  enclosing  glassware. 

(d)  The  depreciation  due  to  dirt,  dust,  etc. 

(e)  The  Ufe  of  the  lamp  and  mantles  under  average  dis- 

trict use,  thus  being  enabled  to  judge  the  number 
of  maintenance  calls  necessary. 
(/)  The  cost  per  hour  in  energy  used  and  many  other  items 
of  interest  which  are  derived  from  the  foregoing 
tests,  and  are  put  in  readable  form  for  the  persons 
interested  in  selling  and  in  the  engineering  depart- 
ments of  the  company. 

DISCUSSION. 
The  papers  by  Messrs.  Lyon  and  Mauer  were  discussed  to- 
gether. 

Chairman  Myers  :  Dr.  Lyon  neglected  to  mention  one  little 
point  that  ought  to  be  brought  out,  and  that  is  that  the  develop- 
ment of  the  new  burner  described  by  him  is  due  to  the  efforts  of 
his  laboratories.  The  electric  lamp  testing  men  in  the  room, 
having  listened  to  the  reading  of  Mr.  Mauer's  paper,  will  agree 
with  me  that  not  all  of  the  details  regarding  measurements  are 
located  in  our  end  of  the  business,  but  that  the  gas  men  also 
cover  the  details  equally  well. 

H.  V.  BozEivE :  What  has  been  the  progress  in  the  control  of 
the  quality  of  the  light  produced  by  the  gas  mantles.  There  used 
to  be  a  good  deal  of  green,  for  example. 

Howard  Lyon  :  It  is  possible  to  control  the  color  of  the  light 
through  a  quite  considerable  range,  by  varying  the  quantity  of 
cerium  oxide  in  relation  to  the  thorium  oxide,  not  giving  equal 
efficiency  in  quantity  of  light  but  giving  a  wide  range  of  color  just 
by  varying  the  cpantity  of  thorium  oxide. 
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Mr.  Haydex  :  ^lay  I  ask  Dr.  Lyon  to  say  something  about 
high-pressure  lighting  as  used  in  European  countries  ? 

Howard  Lyox  :  I  cannot  explain  why  high-pressure  lighting 
has  not  been  employed  more  extensively  in  this  country  than  it 
has.  Perhaps  it  is  due  to  the  mechanical  trouble  involved  in  pro- 
ducing high-pressure  gas.  There  is  another  result  in  high-pres- 
sure lighting  which  we  know,  but  which  Europeans  may  not  con- 
sider as  vital,  and  that  is  that  in  high-pressure  lighting,  the  tem- 
perature goes  up  very  materially  and  that  means  in  time  and  a 
rather  brief  time,  the  volatilization  of  the  cerium  oxide  and  loss 
of  efficiency  of  the  mantle.  Of  course,  some  of  that  same  diffi- 
culty is  encountered  in  constructing  burners  for  maximum  high 
entrainment  at  low  pressures.  High  pressure  means  pounds, 
while  low  pressure  means  ounces  in  pressure.  At  low  pressure 
one  may  proceed  to  a  certain  degree  without  the  deterioration  of 
the  mantle,  due  to  the  very  high  temperature  to  which  it  is  sub- 
jected in  the  lamp.  However,  the  European  countries  do  use  gas 
with  ver}'  fine  results  and  seem  satisfied.  To  be  perfectly  frank, 
they  are  more  careful  about  the  expense  of  lighting  than  we  are 
in  America.  Here  if  a  certain  result  may  be  secured,  brilliant, 
attractive,  why,  we  are  willing  to  go  to  the  expense  and  to  lavish 
money  upon  it.  I  suppose  that  there  is  nothing  anywhere  in 
Europe  to  compare  with  our  waste  in  lighting  every  night  in  New 
York  City,  waste  as  far  as  economy  is  concerned,  in  sign  lighting 
and  in  the  very  brilliant  illumination  of  show  windows,  and  so 
forth.    It  is  an  American  habit  to  be  willing  to  lavish  money. 

H.  V.  Bozell:  Dr.  Lyon  has  brought  up  the  subject  of  econ- 
omy which  causes  me  to  ask  another  question  with  reference  to 
the  operating  costs  of  these  new  units  which  open  up  new  devel- 
opments— open  up  new  possibilities  for  illumination — as  to  what 
the  relative  operating  cost  of  these  are,  that  is  to  say,  the  actual 
operating  costs.  A  comparison  might  be  made  with  that  with 
which  many  people  are  more  familiar — the  cost  of  a  certain 
amount  of  light  produced  by  electricity;  it  appears  to  me  that  this 
newly  developed  fixture  opens  up  a  new  field  in  lighting  of  certain 
kinds.  I  understand  that  the  records  of  recent  sales  of  the  New 
York  Consolidated  Gas  Company  of  this  semi-direct  type  of  fix- 
ture represents  quite  an  extension  of  this  type  of  illumination. 
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Howard  Lyon  :  Every  sort  of  improvement  to  which  I  have 
referred  resuhs  in  reduction  of  the  cost  of  producing  Hght — every 
one  of  every  description.  However,  do  not  be  confused.  As  they 
see  it  can  be  produced  more  and  more  economically,  people  seem 
to  want  more  and  more  light  and  I  presume  as  time  goes  on  they 
are  paying  more  and  more  for  light.  Probably  that  is  true  in 
the  electric  field  as  well  as  in  that  employing  gas.  People  are 
tempted  by  the  brilliancy  of  the  results  to  use  more  and  more 
light.  Every  stage  of  development  that  I  have  explained  results 
in  actual  economy  of  light  production. 

RaIvPH  E.  Myers  :  Is  there  any  relation  between  the  air  en- 
trainment  in  the  burner  and  the  flashing  back  of  the  flame?  Do 
variations  in  the  entrainment  affect  the  flame's  stability? 

Howard  Eyon  :  In  general,  yes.  Increasing  the  amount  of 
air  entrainment  leads  to  more  care  in  preventing  the  back  firing 
on  lighting  or  extinguishing.  It  leads  to  the  use  of  burner  tubes 
and  passages  that  conform  to  stream  lines  of  the  gas,  and  de- 
mands more  attention  to  the  gauze  that  is  introduced  into  the 
burner.    Such  provisions  make  back-firing  a  controllable  thing. 

Ralph  E.  Myers  :  Plave  tests  been  made  as  to  the  lumens  out- 
put per  heat  unit  input  for  the  new  lamp? 

R.  H.  MauER  :  The  Consolidated  Gas  Company  has  not  tested 
the  late  mantle  which  is  called  the  "thrift"  mantle,  and  hence  we 
have  no  figures  on  the  lumens  per  heat  unit.  This  is  a  newly- 
developed  mantle  and  the  figures  are  not  available  yet.  I  can't 
tell  the  figures  that  we  have  from  actual  test,  but  perhaps  Dr. 
Lyon  can  give  some  further  information.  They  may  have  made 
some  tests. 

H.  V.  BozEi^iv :  What  is  the  gas  consumption  on  some  of  these 
burners  ? 

R,  H.  MauEr:  On  the  small  c.  e.  z.  burner,  which  Dr.  Lyon 
described,  the  consumption  is  about  3  cu.  ft.  per  hour.  On  the 
"thrift"  burner  the  consumption,  I  think,  is  about  2.5  cu.  ft.  per 
hour,  and  on  the  "junior"  mantle  about  2.5.    The  "junior"  mantle 
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has  been  used  quite  extensively.  It  is  enclosed  by  a  small  mica 
cylinder  and  apparently  gives  a  little  more  light  than  does  the 
"thrift."  The  horizontal  candlepower  of  the  "junior"  runs  about 
60  cp.  and  the  "thrift"  I  think  will  run  in  the  neighborhood  of  35 
or  40  cp.  The  "thrift"  burner,  as  I  understand  it,  was  made 
chiefly  to  take  the  place  of  the  open-flame  burner,  giving  much 
larger  candlepower  but  reducing  the  consumption  to  from  one- 
half  to  one-third.  The  open-flame  burners  are  marked  for  4,  5, 
b,  7,  and  8  cu.  ft.  per  hour  and  many  burn  more  gas.  The  "thrift" 
burner  has  a  consumption  of  2.5  cu.  ft.  per  hour,  and  gives  twice 
as  much  light  as  the  No.  5  open-flame  burner.  The  open-flame 
burner 'now  does  not  give  much  light,  and  people  will  have  to 
use  some  other  means  of  illumination.  This  would  be  satisfactory 
to  the  gas  company  and  very  beneficial  to  the  consumer,  as  it 
would  stop  the  unnecessary  waste  of  gas. 

H.  V.  BozELL :    To  what  pressure  do  the  ratings  given  apply  ? 

R.  H.  Maurer  :  The  pressure  at  the  laboratory  duplicates  what 
is  generally  found  in  the  district. 

Howard  Lyon  :  Concerning  the  blackening  of  the  mantle,  it 
can  be  said  that  with  proper  entrainment  of  air,  there  will  be  no 
blackening.  Such  blackening  of  the  mantles  as  may  be  found  is 
due  to  some  defect  in  the  burner  which  may  be  a  passing  one  or 
represent  the  accumulation  of  dirt.  When  the  mantle  blackens, 
the  hydrogen  of  the  gases  separates  out  and  leaves  the  carbon  un- 
consumed  and  deposits  it  on  the  surface  of  the  mantle.  Short  of 
the  border  of  the  flame,  there  is  a  reducing  action,  as  the  air 
hasn't  access  to  it  to  burn  up  the  carbon.  If,  however,  the  gases 
can  be  burned  closely  within  the  meshes  of  the  mantle  so  that  the 
sweep  of  air  can  come  over  the  surface  there  will  be  no  blackening 
of  the  mantles.  Blackening  of  mantles,  a  bogey  only  a  few  years 
ago,  has  largely  disappeared  with  the  newer  types  of  burners. 
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BY  0.   H.   CALDWELL. 


To  the  married  men  in  the  audience,  who  at  some  time  in  the 
past  have  moved  from  one  place  to  another,  I  want  to  ask  the 
question — what  was  the  first  thing  the  good  wife  said  when  she 
inspected  the  new  house?    Wasn't  it  something  like  this? 

"Oh,  those  horrid  lighting  fixtures.  I  like  the  house  itself,  but 
the  lighting  fixtures  are  awful !  Can't  v/e  have  them  changed  for 
something  more  artistic  ?" 

For  years  past  hundreds  of  thousands  of  women  have  been 
making  this  self-same  complaint,  yet  lighting  fixtures  remain 
to-day  the  only  electrical  devices  out  of  the  whole  list  of  som.e 
5,ooo  current-consuming  appliances  which  are  still  solidly  nailed, 
screwed,  bolted  and  soldered  to  the  building  walls  and  circuits. 
But  why  should  not  lighting  fixtures  be  attachable  and  detachable 
as  easily  and  conveniently  as  we  plug  in  or  disconnect  an  electric 
iron,  percolator  or  portable  lamp — if  the  ladies  want  them  so? 

Lighting  fixtures  are  the  electrical  decorations  of  the  home; 
they  are  the  "lighting  furniture"  of  any  room.  Let  us  think  of 
them,  not  as  fixed  fixtures,  but  as  lighting  furniture. 

In  recent  years  we  electrical  men  have  all  been  surprised  at  the 
tremendous  growth  in  the  use  of  portable  lamps.  Women  are 
buying  portable  lamps  because  they  can  change  them  about  at 
will,  and  adapt  such  portables  to  the  artistic  expression  of  their 
own  tastes  in  home  decoration,  with  the  aid  of  baseboard  recep- 
tacles. 

If  such  receptacles  in  the  baseboard  are  desirable  to  make  port- 
able lamps  easy  to  connect,  why  then  should  we  not  have  properly- 

•  A.  paper  presented  before  a  meetiiijf  of  the  New  York  Section  of  the  Illuminating 
Rngineering  Society.  January  13,  lou. 
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placed  similar  outlets  in  the  side  walls  which  would  permit  chang- 
ing our  bracket  fixtures  when  the  customer  wants  new  ones. 
Why  not  be  able  to  "hang  a  fixture  like  a  picture  ?" 

And  then  again,  why  not  have  receptacles  in  the  ceiling  so  that, 
according  to  the  housewife's  taste,  she  can  have  ceiling  fixtures 
put  in  or  left  out — and  change  fixtures  at  will — to  harmonize  with 
her  scheme  of  home  decoration. 

The  presence  of  fixture  hanging  outlets  would  make  possible 
the  selection  of  fixtures  by  experiment  to  secure  desired  lighting 
effects. 

The  presence  of  such  outlets  and  fixture  connections  would 
make  it  possible  to  readjust  lighting  fixture  locations  to  correspond 
with  furniture  rearrangements,  without  the  expense  and  annoy- 
ance of  employing  an  electrician. 

Fixtures  could  be  taken  down  and  put  away  during  the  sum- 
mer months,  or  simpler  ones  could  be  installed  in  their  places  at 
the  time  the  linen  coverings  appear  on  the  furniture  and  the  winter 
draperies  are  put  away  for  another  season. 

Electric  fans  could  be  suspended  from  the  outlets  in  place  of 
the  bracket  fixtures  during  the  summer  months.  Every  fixture 
outlet  would  become  a  "convenience  outlet"  for  the  convenient 
connection  of  any  electrical  device — vacuum  sweeper,  fan,  toaster, 
etc.  Fixtures  could  easily  be  taken  down  to  be  cleaned,  repolished 
and  relacquered,  to  the  householder's  satisfaction,  besides  con- 
tributing additional  business  to  the  fixture  man. 

Then  there  is  the  great  field  of  "refixturing."  Householders 
who  are  now  living  in  painful  association  with  lighting  fixtures  of 
jarring  design  and  finish,  would  be  willing  prospects  for  the  pur- 
chase of  one  or  more  of  the  many  beautiful  lighting-fixture  crea- 
tions that  are  now  obtainable.  This  refixturing  work  would  open 
up  tremendous  new  sales  opportunities  for  dealers.  At  present, 
however,  under  many  state  laws,  the  landlord  can  claim  anything 
that  cannot  be  removed  without  interfering  with  the  wiring  or 
other  parts  of  the  house  structure,  which  renders  the  average  ten- 
ant very  chary  of  spending  money  for  the  benefit  of  his  landlord. 
Moreover,  the  resistance  which  is  interposed  by  the  necessity  of 
railing  in  professional  fixture  hangers  to  do  a  simple  job  of 
changing  fixtures,  and  the  housewife's  distinctive  dislike  of  hav- 
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ing  workmen  in  tlie  house  discourages  refixturing  under  present 
conditions. 

For  the  manufacturer  and  jobber  this  innovation  offers  the  sale 
of  a  positively  new  line  of  outlet  receptacles  and  plugs,  one  for 
each  of  the  four  million  new  fixtures  which  are  hung  yearly.  At 
the  present  time  America's  building  program  is  1,300,000  dwell- 
ings short  and  during  the  next  two  or  three  years  we  shall  un- 
doubtedly have  some  of  the  most  tremendous  home  building  years 
in  the  history  of  the  country.  If  these  million-odd  new  homes 
can  now  be  equipped  with  a  universal  fixture-hanging  receptacle, 
a  tremendous  impetus  will  be  given  to  the  idea,  contributing  to 
its  rapid  spread  to  houses  already  built. 

The  electrical  contractor  will  benefit  in  many  ways.  It  will 
enable  him  to  do  a  better  wiring  job,  to  make  profit  on  the  new 
receptacle  item,  to  save  material  and  labor,  to  finish  his  work  at 
one  time  and  to  have  one  instead  of  two  inspections. 

It  will  mean  much  to  the  fixture  dealer  because  with  "quick 
attachable"  fixture  outlets,  his  outside  labor  problem  will  be  sim- 
plified, more  customers  will  be  disposed  to  buy  style  fixtures — 
real  lighting  furniture  that  anyone  can  install.  He  will  win  cus- 
tomers' satisfaction,  for  the  new  conditions  will  enable  the  fix- 
tures to  be  selected  and  installed  under  the  actual  conditions  of 
the  home,  and  a  tremendous  field  of  refixturing  sales  will  be 
opened  up.  Fixtures  for  the  first  time  in  lighting  history  will 
become  articles  of  merchandise  instead  of  specialties. 

Many  householders  are  fussy  and  hard  to  please  when  selecting 
fixtures  because  they  realize  that  under  present  conditions  when  a 
fixture  is  installed  it  is  up  permanently.  If  it  were  possible  to  try 
one  or  two  alternatives  in  a  few  minutes  there  would  no  longer 
be  such  a  feeling  of  finality  about  the  choice  and  the  customer 
would  most  likely  accept  the  standard  design  without  a  murmur. 
This  feature  of  standardization  of  designs  would  also  contribute 
to  the  larger  sales  of  fixtures  by  the  wholesale  dealer  for  it  would 
enable  him  to  standardize  his  line  and  handle  fewer  patterns. 

Electrical  inspection  authorities  should  be  pleased  with  this 
new  arrangement  because  an  approved  plug  construction  would 
put  a  workmanlike  finish  on  the  job  and  eliminate  that  one  bad 
spot  in  modern  wiring — the  soldered-and-taped  joint  beneath  the 
fixture  canopy — replacing  it  with  a  workmanlike,  safe  connection 
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which  the  inspector  would  not  have  to  tear  open  to  see  if  the  joint 
is  really  soldered.  Moreover,  in  most  cases,  inspection  would  be 
cut  down  to  a  single  inspection,  without  a  re-inspection  at  the 
time  the  fixtures  were  added. 

The  landlords  and  builders  may  be  expected  to  encourage  this 
idea  because  it  will  save  them  the  expense  of  fixtures.  In  the 
case  of  ready-built  and  speculative  houses,  the  fixtures  installed 
by  speculative  builders  are  usually  of  the  cheapest  quality  and 
are  bought  direct.  When  fixture  receptacles  are  available  the 
builder  will  install  only  the  receptacles,  with  considerable  saving 
of  money  to  himself,  and  then  the  tenant  or  purchaser  will  be 
able  to  buy  from  the  nearest  fixture  dealer  the  kind  and  quality 
of  fixtures  to  suit  his  individual  taste. 

But  above  all,  we  must  not  forget  that  it  is  the  great  American 
public  with  whom  we  are  most  concerned  in  serving  when  we  pro- 
pose and  discuss  this  change.  The  public  is  boss,  and  whatever 
will  best  serve  the  public,  the  public  will  eventually  get,  regard- 
less of  any  opposition  on  the  part  of  any  trade  group. 

With  the  removable  fixture  idea  applied  generally,  the  family 
that  rents  or  buys  the  house  will  not  have  to  endure  fixtures  that 
they  do  not  like.  They  will  be  automatically  encouraged  to  buy 
fixtures  to  suit  their  tastes  ^nd  to  change  them  as  often  as  they 
like.  The  way  this  idea  may  be  expected  to  appeal  to  the  public 
is  well  indicated  by  the  following  quotation  from  an  article  by 
Floyd  Parsons  in  the  Saturday  Evening  Post,  for  January  ist. 
Referring  to  the  plan  to  "hang  a  fixture  like  a  picture,"  he  says : 

"At  the  present  time  practically  all  the  electrical  fixtures  hanging 
from  the  ceiling  or  attached  to  the  walls  are  fastened  as  solidly  in  their 
positions  as  are  the  radiators,  doors  and  bath  tubs  in  the  house.  No  idea 
could  be  more  absurd  than  that  of  soldering  the  joints  and  making  a  mess 
of  the  wires  under  the  canopies  of  these  fixtures. 

"Why  should  we  not  standardize  the  fixture-hanging  outlets?  Then 
we  could  hang  a  fixture  as  we  now  hang  a  picture.  Why  not  build  houses 
with  standardized  quick-attachable  ceiling  and  bracket  outlets,  so  that  the 
housewife  will  be  able  to  change  her  electrical  fixtures  as  often  as  she 
changes  her  tastes  or  her  furniture?  At  the  present  time,  when  a  tenant 
moves  into  a  house  he  must  be  satisfied  with  the  fixtures  that  are  already 
there,  no  matter  whether  or  not  they  harmonize  with  his  furniture  designs. 

"When  a  single  satisfactory  fixture-hanging  outlet  is  placed  in  all 
houses  it  will  be  possible  for  the  housewife  when  she  moves  to  take  her 
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favorite  fixtures  with  her  to  the  new  house,  along  with  the  family  beds 
and  bureaus. 

"This  would  take  the  lighting  dealer's  wares  out  of  the  class  of  fixtures 
and  make  of  them  what  might  be  termed  lighting  furniture. 

"If  a  standard  outlet  receptacle  is  a  good  thing  in  the  baseboards  of  a 
house,  to  make  portable  lamps  easy  to  connect,  why  is  it  not  a  good  thing 
to  have  standard  push-plug  receptacles  in  the  side  walls  and  ceilings,  so 
that  Hghting  furniture  can  be  put  into  place  as  easily  and  quickly  as  a 
picture  is  hung,  and  changed  at  will  to  harmonize  with  the  rest  of  the 
furniture  and  decorations  in  the  rooms?  There  is  no  more  reason  why  a 
landlord  should  select  his  tenants'  electrical  fixtures  than  there  is  for  his 
selecting  a  divan  for  the  tenants'  living  room  or  a  table  for  the  library. 

"Standardization  saves,  simplifies  and  satisfies." 

Practical  progress  is  now  being  made  to  put  such  fixture- 
hanging  fittings  on  the  market.  Since  the  idea  was  first  launched 
in  the  electrical  press  in  December,  19 19,  a  number  of  inventors 
have  appeared  with  some  very  ingenious  devices. 

Of  course,  it  should  be  understood  that  the  fundamental  idea 
of  quick-attachable  fixtures  is  in  itself  not  patentable.  The  only 
patents  that  can  possibly  be  obtained  are  mere  detail  patents  cov- 
ering only  some  detail  of  the  means  of  mechanical  support. 

The  principal  receptacle  manufacturers  have  recognized  the 
importance  of  agreeing  on  a  single  universal  standard  device. 
We  all  know  the  confusion  that  has  resulted  from  the  37  different 
kinds  of  attachment  plugs  on  the  market.  No  man  in  this  room 
will  question  that,  if  we  are  to  have  a  lot  of  different  kinds  of 
fixture  hangers  that  are  not  interchangeable,  we  had  better  give 
up  the  whole  idea  and  keep  on  with  the  present  method  of  soldered 
and  taped  joints. 

But  if  all  the  manufacturers  who  are  about  to  put  on  the  market 
devices  to  "hang  a  fixture  Hke  a  picture"  will  see  their  respon- 
sibility to  the  public,  to  the  trade,  and  to  their  own  best  interests, 
and  will  agree  upon  a  single  universal  device,  not  only  will  they 
profit  far  beyond  their  fondest  dreams,  but  a  new  era  of  fixture 
usefulness  will  be  ushered  in  for  the  electrical  trade,  for  the 
fixture  interests  and  for  illuminating  engineering  generally. 

DISCUSSION 
The  papers  by  Messrs.  Caldwell,  Luckiesh,  McCoy  and  Shore 
were  discussed  together. 
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THE  "REMOVABLE  FIXTURE":    ITS  RELATION 
TO  BETTER  LIGHTING.* 


BY   M.   LUCKIESH. 


The  chief  deterrents  to  the  progress  of  lighting  in  residences 
and  in  similar  fields  of  lighting  are :  ( i )  the  general  indifference 
toward  lighting  on  the  part  of  the  consumer,  the  fixture  manufac- 
turer, and  the  fixture  dealer;  (2)  the  general  lack  of  appreciation 
of  the  potentiality  of  lighting;  (3)  the  difficulties  and  inconveni- 
ence in  installing  soldered  lighting  fixtures. 

Lighting  fixtures  are  in  reality  "fixtures"  largely  because  they 
are  not  easily  removable  and  installable.  In  fact,  we  have  in  the 
term,  "removable  fixtures,"  an  anomoly  which  further  empha- 
sizes the  desirability  of  standardizing  a  better  term.  Why  is  it 
necessary  to  apply  certain  descriptive  adjectives  such  as  remov- 
able lighting  fixtures  in  describing  a  device  for  lighting?  Why 
should  not  the  Committee  on  Nomenclature  and  Standards  give 
us  a  term  which  directly  describes  the  lighting  device  known  as  a 
fixture?  There  would  be  an  advantage  in  a  single  word  and 
several  coined  words  suggest  themselves. 

But  to  return  to  the  subject  under  discussion,  let  us  consider 
the  great  development  in  the  use  of  the  portable  lamp  in  the  home. 
Notwithstanding  the  paucity  of  baseboard  outlets,  modest  homes 
contain  many  of  these  lamps  and  it  is  obvious  that  this  type  of 
portable  lighting  furniture  has  outstripped  the  ceiling  and  wall 
units  in  popularity  largely  because  they  are  easily  detachable.  If 
the  householder  is  to  become  interested  in  lighting  he  must  be 
able  to  own  his  lighting  units  whether  he  rents  or  owns  his  place 
of  residence.  If  the  units  are  readily  removable  the  housewife 
is  encouraged  to  inject  her  own  taste  and  individuality  into  them 
and  antiquated  and  otherwise  unsatisfactory  units  no  longer 
appear  to  be  "fixtures"  or  to  present  insurmountable  obstacles. 

It  has  been  adequately  proved^  that  the  demonstration  of  light- 
ing effects  is  a  much  superior  method  of  convincing  the  consumer 
of  the  potentiality  of  lighting  than  mere  verbal  description.    The 

*A  paper  presented  before  a  meeting  of  the  New  York  Section  of  the  Illuminating 
Engineering  Society,  January  13,  1921. 

>  M.  I^uckiesh,  Electrical  Merchandising,  Oct.,  1919,  p.  183  ;  Hulletin,  N.  E.  I,.  A.,  Oct., 
P-  759- 
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detachable  device  makes  it  possible  for  the  fixture  dealer  to 
demonstrate  the  lighting  effect  of  a  unit  in  a  room  or  alcove  re- 
served for  the  purpose.  Furthermore,  it  greatly  diminishes  the 
cost  and  inconvenience  of  installing  lighting  units  in  the  residence 
for  the  approval  of  the  prospective  purchaser. 

The  importance  of  emphasizing  lighting  effects  cannot  be  over- 
estimated. The  fixture  dealer  who  displays  and  sells  merely  fix- 
tures is  inhibiting  the  development  of  lighting.  It  is  a  common 
experience  in  visiting  fixture  stores  to  encounter  the  display  and 
sale  of  fixtures.  Why  not  cease  selling  mere  objects  made  of 
metal,  glass,  and  textiles?  Why  not  sell  the  lighting  effect  of 
these  objects?  Will  not  a  consumer  pay  more  readily  for  an 
object  plus  lighting  effect  than  for  an  object  alone?  The  aim  of 
lighting  units  is  not  to  be  merely  decorative.  The  final  aim  is  to 
produce  lighting  effects.  However,  the  decorative  feature  of  the 
so-called  lighting  fixture  is  commonly  emphasized  and  the  lighting 
effect  is  relegated  to  the  background  and  rarely  demonstrated 
effectively. 

Light  is  the  most  expressive  medium-  we  have  for  producing 
various  moods.  The  decorator  does  much  with  immobile  reflected 
light.  His  result  is  one  of  light,  shade,  and  color.  The  lighting 
artist  possesses  primary  light  w^hich  has  greater  possibilities  than 
reflected  light  and  the  overwhelming  advantage  of  a  mobile 
medium.  By  the  pressure  of  a  switch  he  can  redistribute  and  tint 
the  light  to  produce  another  mood  in  a  room.  To  do  this  the 
decorator  must  sentence  the  householder  to  days  of  disorder  and 
to  considerable  expense. 

In  light  we  have  a  powerful  ally  in  subduing  monotony.  With 
adequate  wiring,  with  a  sufficient  number  of  portable  lamps,  with 
properly  designed  lighting  units,  with  adequate  controls,  it  is  pos- 
sible to  utilize  the  mobility  of  light.  Portable  lamps  also  extend 
this  feature  of  mobility  because  besides  mobile  light  we  have 
mobile  lighting  units.  The  detachable  lighting  unit  has  a  great 
part  to  play  in  this  program,  but  if  it  is  to  be  utilized  fully,  indif- 
ference toward  the  potentiality  of  lighting  must  be  overcome. 
The  manufacturer,  dealer,  contractor,  architect,  and  consumer 
must  appreciate  the  possibilities.  Lighting  units  with  lighting 
aims  must  be  designed,  demonstrated,  and  installed.    Finally,  ade- 

M.  Luckiesh,  Lighting  The  Home,  1920, 
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quate  wiring  must  be  made  available  in  the  home  and  elsewhere. 
In  this  brief  discussion  details  must  be  omitted,  but  in  the  refer- 
ences given  will  be  found  wiring  diagrams  for  adequately  light- 
iner  the  middle-class  residence.  The  number  of  outlets  must  be 
increased  ten- fold  over  past  practice  if  the  potentiality  of  lighting 
is  to  be  fully  enjoyed  by  the  householder.  A  hundred  outlets  in 
the  middle-class  house  can  be  justified. 

In  this  campaign  for  adequate  wiring  the  prevalent  attitude 
toward  lighting  must  be  altered.  Now  the  householder  thinks  of 
Hghting  with  the  same  attitude  as  he  views  the  fuel  bill.  The 
cost  of  adequately  lighting  a  middle-class  home  is  insignificantly 
small  compared  with  its  importance  and  its  effectiveness  in  mak- 
ing a  house  a  home.  It  is  a  matter  of  five  to  fifteen  cents  per 
day.  It  is  less  than  the  cost  of  cream  for  breakfast.  It  is  less 
than  the  interest  on  the  investment  in  bric-a-brac  and  pictures  in 
the  average  living-room.  The  householder  spends  many  times 
more  in  beautifying  the  rooms  with  draperies,  etc.,  than  for  light- 
ing. Lighting  contributes  much  more  in  making  a  house  a  "thing 
of  joy"  for  each  dollar  expended  than  any  other  esthetic  element. 
It  is  a  powerful,  inexpensive  ally  which  is  not  generally  under- 
stood and  therefore  not  appreciated  as  it  should  be. 

Residence  lighting  is  the  laggard  and  the  reasons  for  its  lack 
of  development  are  to  be  traced  to  lack  of  appreciation  of  its 
possibilities  on  the  part  of  those  who  are  in  a  position  to  develop 
it.  The  "removable  fixture"  is  a  potential  factor ;  in  fact,  it  may 
be  utilized  to  a  greater  extent  than  any  other  single  factor  in 
bringing  the  possibilities  of  lighting  to  the  householder.  The 
electrical  industry  has  had  several  sad  experiences  with  the  lack 
of  foresight  in  standardization.  It  is  the  hope  that  no  error  of 
this  sort  will  be  made  now.  The  detachable  device  is  urgently 
desired.  It  should  be  the  best  than  can  be  designed  and  then  it 
should  be  universally  adopted.  The  dawn  of  a  new  era  in  resi- 
dence lighting  is  at  hand  and  a  standardized,  universally  adopted, 
detachable  device  for  lighting  units  will  contribute  much  to  the 
golden  promise. 

DISCUSSION. 
The  papers  by  Messrs.  Caldwell,  Luckiesh,  McCoy  and  Shore 
were  discussed  together. 
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THE  "REMOVABLE  FIXTURE :"  THE  FIXTURE  MAN'S 

VIEWPOINT* 


BY   W.    R.    M  COY. 


The  value  of  the  joint  meetings  of  the  Illuminating  Engineer- 
ing Society  and  the  Lighting  Fixture  Manufacturers'  Association 
is  indeed  great  and  fully  appreciated  by  the  fixture  manufactur- 
ers. The  result  of  our  last  joint  meeting  has  been  far-reaching 
and  of  such  benefit  to  oiir  industry  that  our  council,  at  a  recent 
meeting,  placed  its  stamp  of  approval  thereon  by  resolution  and 
made  me  its  official  representative  to  present  its  vie\vs.  The 
resolution  is  worded  as  follows : 

Resolution. 
Whereas,  The  Illuminating  Engineering  Society  has  arranged 
a  joint  meeting  with  the  New  York  Division  of  the  National 
Council  of  Lighting  Fixture  Manufacturers,  at  which  meeting 
the  subject  under  discussion  will  be  the  consideration  of  the 
merits  of  a  new  universal  receptacle  and  method  of  plugging  in 
fixtures,  and 

Whereas,  The  Executive  Committee  of  the  National  Council 
has  had  this  device  presented  to  them  and  have  been  favorably 
impressed  by  its  merits,  and 

W^herEas,  The  New  York  Division  has  had  the  same  device 
presented  to  them  and  has  admired  its  possibilities. 

Therefore,  be  it  Resolved,  That  we  accept  with  thanks  the  in- 
vitation to  meet  the  Illuminating  Engineering  Society  at  a  joint 
meeting  and  request  Mr.  McCoy,  of  the  Cassidy  Company,  In- 
corporated, to  represent  the  views  of  the  New  York  Division  at 
this  meeting. 

As  suggested  in  the  second  paragraph  of  this  resolution  the 
National  Council  has  given  this  matter  careful  consideration  and 
has  gone  on  record  as  being  heartily  in  favor  of  some  such  device. 
Therefore,  the  question  of  our  viewpoint  is  easily  answered  by 
these  acts  of  our  official  bodies.  Therefore,  I  shall  be  exceedingly 
brief. 

*  A  paper  presented  before  a  meeting  of  the  New  York  Section  of  the  Uluminating 
Engineering  Society,  January  13,  1921. 
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Mr.  Herman  Plaut,  president  of  the  New  York  Council  of  the 
Lighting  Fixture  Manufacturers'  Association,  and  one  of  the 
managers  of  the  New  York  Section  of  the  Ilhiminating  Engineer- 
ing Society,  sounded  the  keynote  of  this  paper  when  he  wrote 
me  as  follows : 

"What  the  lighting  fixture  manufacturers  maintain  is  that 
if  an  outlet  box  is  adopted  it  should  be  a  universal  one  and 
it  should  be  commonly  accepted  by  all  manufacturers." 

The  greatest  danger  of  the  use  of  a  device  of  this  sort  is  that 
if  there  be  two  or  more  types  on  the  market  the  manufacturer  is 
worse  off  than  before.  One  of  the  past  sources  of  inconvenience 
which  in  many  cases  is  measurable  in  money  loss  is  the  incorrect 
information  as  to  whether  the  fixtures  are  to  be  supplied  with  in- 
sulating joints  or  crowfeet.  When  the  fitter  would  go  to  the  con- 
tractor to  erect  the  fixtures  he  would  often  find  that  he  had  the 
wrong  material ;  he  was  delayed  in  his  work,  the  owner  became 
peevish  and  a  mole  hill  became  a  mountain.  Fortunately,  this 
lack  of  uniformity  is  being  solved.  To  illustrate,  again,  the  ex- 
istence of  many  different  types  of  plugs  is  a  great  source  of 
inconvenience.  One  of  the  large  department  stores  of  New  York 
City  has  in  its  employ  an  expert  fitter  whose  sole  occupation  is  to 
follow  up  portable  lamp  sales  and  see  that  the  plug  on  the  lamp 
fits  the  wall  receptacles.  While  this  illustration  is  outside  of  the 
manufacturing  field  it  well  illustrates  the  burden  entailed  by  the 
lack  of  uniformity  in  plugs. 

The  greatest  source  of  expense  and  annoyance  in  our  line  of 
endeavor  is  the  lack  of  standardization. 

The  National  Council  of  the  Lighting  Fixture  Manufacturers' 
Association  is  doing  everything  in  its  power  to  establish  a  stand- 
ard in  fitters'  screws,  holders,  glassware,  etc. ;  but  this  would  only 
complicate  our  problems  unless  a  way  be  found  to  standardize 
the  outlets. 

If  there  are  several  forms  of  boxes  on  the  market  endless  con- 
fusion will  result.  The  fixture  manufacturer  is  absohitely  con- 
vinced as  to  practicability  of  the  idea,  providing  a  way  is  found  to 
limit  the  idea  to  an  outlet  that  can  become  universal  in  its  use. 
The  message  I  bring  you  from  the  manufacturer  is  this:  There 
must  be  only  one  type  and  that  type  must  be  the  best  that  money 
and  brains  can  produce. 
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It  may  be  well  to  state  a  few  of  the  reasons  why  we  find  tliis 
type  of  a  box  of  advantage.  P'irst,  we  jjelieve  that  it  will  have 
the  effect  of  bringing  about  better  workmanship  on  the  part  of 
electricians.  There  is  a  deplorable  tendency  to-day  to  leave  the 
outlets  in  such  condition  that  it  is  almost  impossible  to  hang  a 
fixture  without  extension  pieces,  wood  blocks  and  other  clumsy 
devices  which  do  not  give  the  clients  satisfactory  results  to  say 
nothing  of  the  expense  entailed.  That  a  finished  box  is  installed 
with  much  more  care  is  shown  by  the  fact  that  switch  boxes  and 
plates  installed  by  contractors  are  seldom  or  never  improperly  in- 
stalled for  the  reason  that  when  the  electrician  leaves  them  there 
are  no  more  mechanics  to  take  up  the  work  where  he  left  off  and 
cover  up  his  lack  of  good  workmanship.  Moreover,  it  will  elimi- 
nate the  necessity  for  the  services  of  an  expert  mechanic  in  prov- 
ing up  every  wiring  contract  before  fixtures  can  be  installed.  The 
time,  expense,  and  detail  involved  by  this  department  of  a  manu- 
facturer or  large  dealer  are  beyond  the  conception  of  the  lay- 
man, and  any  device  that  will  prevent  these  annoyances  and  in- 
conveniences, providing  it  does  not  add  other  complications,  will 
be  welcomed. 

In  closing,  allow  me  to  draw  your  attention  to  a  condition 
rapidly  developing  that  in  my  personal  opinion  will  compel  the 
fixture  manufacturer  to  regard  this  method  of  fixture  suspension 
as  an  unmitigated  nuisance.  Within  the  last  few  days  the  infor- 
mation has  come  to  hand  that  plans  are  now  being  made  to  manu- 
facture two  totally  distinct  types  of  boxes  for  this  purpose.  If 
this  be  true,  the  third,  the  fourth  type,  ad  infinitum,  will  pest  us 
and  the  dawn  of  the  new  era  will,  I  fear,  be  damp,  dank,  and  cold, 
instead  of  beautiful  and  bright  as  painted  for  us  in  our  trade 
magazines. 

Therefore,  gentlemen,  I  beg  you  to  make  every  effort  that  lies 
in  your  power  to  prevent  this  misfortune.  Let  us  all  write,  print, 
paint  and  talk  the  slogan :  "There  is  progress  in  one,  confusion  in 
many." 

DISCUSSION 
The  papers  by  Messrs.  Caldwell,  Luckiesh,  M'Coy  and  Shore 
were  discussed  together. 
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THE  "REMOVABLE  FIXTURE":    HOW  IT  AFFECTS 
THE  CONTRACTOR-DEALER.* 


BY  V^.  J.  shore:. 


In  the  introduction  of  any  new  devices  primarily  designed  to 
save  labor  there  are  always  many  divergent  opinions.  Very  fre- 
quently, as  has  been  shown  in  the  past,  the  very  people  who  bene- 
fitted the  most  from  these  devices  were  loudest  in  their  denuncia- 
tions of  the  loss  and  harm  that  would  accrue  to  them  if  these 
inventions  became  popular  and  were  put  into  universal  service. 

There  are  a  number  of  contractors  who  have  expressed  opinions 
against  these  new  devices  and  some  have  favored  them.  The  con- 
clusions arrived  at  in  this  talk  are  my  own  personal  opinions  and 
are  not  to  be  regarded  as  an  expression  on  the  subject  by  the  con- 
tracting fraternity. 

If  we  assume,  for  example,  in  this  discussion  that  within  the 
next  few  years  fixtures  will  continue  to  be  sold  at  the  same  rate 
as  in  the  past,  and  that  each  fixture  will  be  adapted  for  use  with 
these  new  outlets  and  that  each  fixture  outlet  installed  will  be  of 
this  type,  the  following  conclusions  will  seem  reasonable. 

From  the  contractor's  standpoint,  the  business  of  installing  and 
furnishing  electric  lighting  fixtures  may  be  roughly  divided  into 
three  separate  and  distinct  operations.  They  may  all  be  per- 
formed by  one  contractor  or  perhaps  two  or  three. 

These  a  re : 

1.  The  installation  of  the  wiring  and  the  preparation  of  suit- 

able electric  outlets. 

2.  The  demonstration  and  sale  of  the  fixtures  themselves. 

3.  The  furnishing  of  the  labor,  material  and  general  supervision 

involved  in  the  actual  hanging  of  the  fixtures. 
If,  as  previously  mentioned,  each  outlet  and  each  fixture  will 
be  adapted  for  removable  service,  the  following  conclusions  seem 
logical  and  correct : 

I.  The  contractor,  instead  of  merely  installing  an  outlet  box 
and  fixture  stud,  will  put  in  a  device  which  is  comparable 
to  a  base  receptacle.     Therefore  on  the  original  wiring 

*  A  paper  presented  before  a  meeting  of  the  New  York  Section  of  the  Ilhiniinatiiiff 
Engineering  Society,  January  13,  1921. 
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job  there  will  be  a  decided  and  definite  increase  in  the 
amount  of  labor  and  material  furnished  with  the  result  of 
an  increased  profit 

2.  The  selling  price  of  fixtures  will  remain  practically  the  same. 

3.  The  labor,  material  and  supervision  involved  in  the  hanging 

of  the  fixtures  would  be  done  away  with  absolutely. 

It  would  therefore  seem  from  the  above  that  the  additional 
profit  made  through  the  installation  of  these  new  outlets  would 
be  cancelled  entirely  by  the  loss  of  the  profit  earned  through  the 
labor  involved  in  hanging  these  fixtures. 

Under  these  circumstances  the  net  result  as  far  as  the  con- 
tractor's business  is  concerned  would  apparently  be  nil ;  that  is  to 
say,  he  would  make  no  additional  profit,  but  at  the  same  time  he 
would  not  suflFer  any  loss. 

However,  there  is  another  angle  to  this  particular  phase  of  the 
matter.  The  installation  of  the  new  outlets  at  the  time  of  wiring 
the  job  is  a  simple  aflfair  requiring  very  little  supervision  and  can 
be  handled  readily  and  easily  by  the  workmen  on  the  job.  On 
the  other  hand,  the  hanging  of  fixtures,  usually  done  after  all  the 
painting  and  decoration  work  has  been  completed,  involves  the 
use  of  skilled  and  careful  labor,  calls  for  neatness  of  workman- 
ship and  requires  special  fittings. 

The  profit  on  the  installation  of  these  new  outlets  seems  to  me 
to  afford  an  easier  way  of  earning  money  than  would  the  profit 
earned  in  hanging  fixtures.  I  think  a  great  many  contractors 
will  agree  with  me  in  this  contention. 

However,  what  I  have  just  said,  and  the  conclusions  I  have 
arrived  at,  are  based  on  the  assumption  that  the  rate  at  v.-hich 
fixtures  are  now  being  sold  will  not  increase. 

It  is  my  opinion  that  the  use  of  the  proposed  type  of  outlet 
will  stimulate  the  demand  for  fixtures  to  an  enormous  degree. 
As  a  result  of  the  introduction  of  this  new  device  I  believe  that 
not  only  will  more  fixtures  be  sold  than  ever  before,  but  the 
contractor  dealer  will  sell  a  greater  proportion  of  these  fixtures 
than  he  has  in  the  past. 

A  few  instances  would  serve  to  illustrate  this  point  of  view. 

kThe  public  is  continually  subjected  to  a  process  of  education.    In 
former  davs  when  voung  people  married  thev  purchased  their 
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considered  good  furniture  unless  it  would  last  at  least  25  years. 
To-day,  furniture  is  bought  on  the  basis  of  style,  and  the  public 
has  been  educated  to  the  point  where  the  furniture  is  replaced 
from  time  to  time  corresponding  to  changes  in  styles  and  deco- 
rations. 

House  furnishings  and  decorations  have  followed  the  same 
course,  but  lighting  fixtures  have  not  yet  reached  this  stage.  The 
main  reason  for  this  condition,  it  appears  to  me,  is  attributable  to 
their  method  of  installation.  They  constitute  a  portion  of  the 
building  and  hence  are  not  the  property  of  the  tenant,  and  as  a 
result  they  do  not  interest  him. 

The  building  contractor  and  the  people  who  build  new  homes 
and  apartments  will  be  quick  to  realize  the  advantage  to  them- 
selves of  the  new  outlets.  It  means  the  saving  of  m.oney  to  them. 
At  an  additional  cost  of  the  wiring  they  will  put  these  new  out- 
lets in  their  new  buildings,  and  will  then  say  to  the  prospective 
tenants,  "We  have  installed  these  new  outlets  for  your  fixtures, 
which  you  can  buy  to  match  your  scheme  of  interior  decoration, 
and  when  you  move  you  can  take  them  with  you.  They  belong 
to  you." 

It  means  that  instead  of  the  landlord  or  builder  buying  his 
fixtures  by  the  dozens  through  keen  competition  direct  from  the 
manufacturer,  the  tenant  or  new  owner  will  buy  his  fixtures  from 
the  nearest  and  most  active  contractor-dealer. 

It  means  that  more  of  this  business  than  ever  before  will  flow 
through  the  contractor-dealer  to  the  ultimate  consumer,  which 
in  fact  represents  the  proper  method  of  distribution. 

The  contractor-dealer  will  have  more  opportunity  than  ever 
before  to  serve  the  public.  He  will  be  able  to  demonstrate  new 
types  of  lighting  equipment  with  greater  ease,  and  less  expense 
to  himself  and  less  annoyance  to  the  consumer.  In  short,  the 
use  of  these  new  devices  will  permit  the  contractor-dealer  to 
render  more  and  better  service  to  the  public. 

There  are,  however,  several  important  objections  in  connection 
with  the  use  of  these  outlets. 

I.  There  should  be  only  one  type.  It  must  be  a  universal  out- 
let. It  must  permit  a  fixture  made  in  Brooklyn  to  be  in- 
stalled in  Milwaukee  in  an  outlet  made  in  Bridgeport.  The 
benefits  derived  will  be  a  maximum  under  these  conditions. 
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It  is  needless  to  state  that  without  this  standardization  the 
proposition  would  not  be  worth  while. 

2.  With  the  installation  of  these  new  devices  which  permit  any- 

one to  install  fixtures,  comes  the  attendant  evil  of  over- 
loaded circuits.  Inspections  are  seldom  asked  for  and  it  is 
but  natural  that  the  safe  carrying  capacity  of  circuits  will 
be  exceeded.  This  objection  may  be  overcome  by  more 
rigid  rules,  better  and  more  frequent  inspections  or  new 
protective  devices ;  it  is  not  an  insuperable  obstacle. 

3.  The  great  objection  claimed  by  many  contractors  is  that  these 

new  outlets  will  allow  janitors,  superintendents  and  other 
unauthorized  persons  to  install  fixtures.     As  a  matter  of 
fact,  they  do  it  now,  and  they  do  it  very  poorly  indeed.     I 
venture  to  state  that  one  out  of  every  two  gentlemen  pres- 
ent has  at  some  time  or  other  installed  at  least  one  electric 
fixture.     How  many  of  them  soldered  the  fixtures  wires 
to  the  outlet  wires?    In  my  opinion  this  objection  will  dis- 
appear of  itself  when  it  is  realized  that  a  much  better  con- 
nection is  made,  both  electrically  and  mechanically,  than 
the  mess  of  wires  and  tape  under  a  fixture  canopy. 
It  is  axiomatic  that  the  removal  of  any  obstruction  tending  to 
retard  or  impede  the  distribution  of  economic  goods  will  cause  a 
tremendous  increase  in  the  consumption  and  use  of  such  goods. 

The  lighting  fixture  of  to-day  is  a  permanent  fixture,  but  the 
lighting  fixture  of  to-morrow  will  be  a  ''removable  fixture."  The 
introduction  and  application  of  this  idea  will  stimulate  greater 
demand  for  fixtures.  It  will  stimulate  demand  for  a  greater 
number  of  outlets  and,  in  my  opinion,  in  the  long  run  it  cannot 
fail  to  benefit  not  only  the  contractor  but  the  ultimate  consumer. 

DISCUSSION. 
The  papers  by  Messrs.  Caldwell,  Luckiesh,  McCoy  and  Shore 
were  discussed  together. 

Ben  Tousley  :  I  have  been  invited  by  your  committee  to  dem- 
onstrate one  of  the  devices  to  which  the  speakers  of  the  evening 
have  referred.  This  device  was  invented  by  E.  Cantelo  White,  of 
the  Electric  Outlet  Company,  Inc.,  and  will  be  known  as  the 
"elexit."  In  designing  this  outlet,  it  was  necessary  to  adhere  as 
3 
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closely  as  possible  to  the  present  standard  condition  now  existing 
in  the  electrical  industry,  and  to  provide  a  receptacle  which  would 
accomplish  the  double  purpose  of  accommodating  the  parallel 
blades  of  a  standard  plug  and  likewise  take  the  prongs  of  a  fix- 
ture-hanging plug.  In  the  new  receptacle  these  desirable  features 
have  been  combined,  and  as  a  matter  of  fact,  despite  its  double 
utility,  the  receptacle  is  considerably  smaller  than  the  existing 
standard  receptacle.  In  frontal  appearance  the  customary  round 
face  of  the  receptacle  has  been  changed  to  a  round  triangle  design, 
a  copyrighted  feature  which  will  make  them  easily  distinguishable 
in  the  field.  Wall  fixtures  can  be  divided  into  three  classes :  the 
"bridge  type,"  "hickey  type"  and  the  "center-knob"  type.  For 
hanging  the  bridge  fixtures,  commonly  termed  the  French  sconce 
type,  use  is  made  of  a  small  plug  with  two  parallel  blades,  curved 
upward,  and  with  a  projection  on  the  top  resembling  the  present 
stud  hook  on  which  such  fixtures  are  now  hung.  This  plug  is 
attached  to  the  wires  of  the  fixtures  leaving  enough  slack  to  insure 
the  free  insertion  of  the  blades  into  the  parallel  slots  of  the 
receptacle.  The  plug  is  simply  pushed  into  the  receptacle  as  a 
standard  plug  is  at  present  and  the  fixture  is  hung  upon  the  hook — 
the  bridge  wedging  down  tightly  between  the  hook  and  flush  plate, 
thus  insuring  it  against  being  accidentally  dislodged.  The  blades 
are  curved  upward  to  secure  the  mechanical  supporting  feature, 
the  plug  being  ingeniously  designed  to  support  and  connect  the  fix- 
ture through  the  same  element.  For  particularly  flat  and  narrow 
brackets,  use  is  made  of  a  very  small  plug  of  a  similar  design,  thus 
making  it  possible  to  plug  practically  every  French  fixture  into 
the  new  outlet.  To  hang  the  "hickey"  and  "center-knob"  types 
of  fixtures,  there  have  been  designed  adaptors  which  can  be 
snapped  on  the  hook  of  the  wall  plug  and  fastened  securely  by 
screws.  The  adaptor  for  the  "hickey"  type  fixture  acts  as  the 
hickey,  it  being  tapped  to  take  the  rigid  stems  of  fixture  of  this 
type.  The  adaptor  for  the  "center-knob"  is  attached  to  the  plug 
in  the  same  manner  but  is  tapped  only  ^x27  into  which  the 
"center-knob"  is  screwed.  Besides  the  wall,  the  ceiling  condition 
must  be  met.  The  same  type  of  universal  receptacle  is  used,  but 
the  plug  is  difi^erent.  It  is  in  halves,  each  half  being  attached  to 
one  of  the  fixture  wires,  and  plug  is  then  inserted,  the  prongs 
curved  in  opposite  directions  to  sustain  the  weight  of  the  fixture 
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which  is  hung  on  the  hook  which  the  pkig  forms  when  it  is  in  place. 
With  this  plug  all  types  of  ceiling  fixtures  can  be  plugged  into  the 
new  receptacles.  And  yet  the  new  outlet,  which  may  be  installed 
in  wall,  ceiling  or  baseboard  into  which  can  be  plugged  standard 
or  ornametal  lighting  fixtures  or  an  appliance  equipped  with  a 
standard  attachment  plug,  will  cost  no  more  than  the  present  flush 
receptacle  outlet  made  for  the  standard  plug  only.  In  short,  the 
new  devices  are  flush  outlets  for  all  lighting  fixtures  and  electrical 
appliances  of  the  usual  capacity  employed  in  residences,  apart- 
ments, offices,  etc.  Receptacles  for  the  new  outlet  will  be  made 
by  a  number  of  manufacturers  under  license  agreements  that  pro- 
vide for  absolute  standardization.  The  same  is  true  of  the  plugs 
furnished  to  fixture  manufacturers  and  dealers.  The  new  recep- 
tacles and  plugs  will  be  interchangeable  without  regard  to  the 
origin  of  manufacture.  Through  the  patents  this  reliable  stand- 
ardization will  be  provided,  no  matter  how  many  additional  man- 
ufacturers may  be  licensed.  No  device  can  be  called  standard  un- 
less the  interests  of  persons  aflfected  thereby  are  taken  into  con- 
sideration and  their  problems  properly  solved  by  it.  It  has  been 
my  privilege  to  present  the  new  outlets  in  person  to  the  various 
electrical  contractors'  groups  in  New  York  and  to  answer  their 
questions.  It  has  also  been  by  privilege  to  present  the  device  to 
fixture  manufacturers  in  New  York,  Philadelphia,  Meriden  and 
the  other  fixture  centers  and  I  can  say  without  exception  that 
every  fixture  manufacturer  who  has  seen  the  device  has  endorsed 
the  new  method  of  hanging  fixtures.  Numerous  letters  have  been 
received  from  contractors  and  other  lighting  fixture  firms  whose 
officials  are  members  of  the  Board  of  Managers  of  the  National 
Council  of  Lighting  Fixture  Manufacturers  Association,  to  which 
organization  or  to  which  Board  all  the  various  devices  of  this 
kind,  which  have  been  brought  out,  have  been  presented.  It  is 
especially  gratifying  that  in  these  letters  it  is  indicated  that  the 
sentiment  of  the  fixture  manufacturers  is  heartily  in  favor  of  the 
device. 

H.  R.  Sargent:  With  regard  to  the  subject  of  the  standard- 
ization of  ceiling  and  wall  plug  outlets  for  fixtures,  allow  me  to 
say  that  detachable  cap  attachment  plugs  and  receptacles  for  the 
cap  of  the  same,  have  been  standardized  recently,  and  the  attach- 
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ment  plug  may  now  be  considered  as  standard,  as  being  the  only 
device  of  this  kind  recognized  by  reliable  manufacturers.  A 
number  of  manufacturers  of  attachment  plugs  got  together  about 
six  or  eight  months  ago  to  consider  a  standardized  outlet  for  fix- 
tures, the  last  meeting  being  held  about  a  week  ago.  At  this  last 
meeting,  there  were  present  the  inventions  of  seven  persons, 
which,  as  far  as  we  know,  included  all  of  the  inventions  covering 
this  particular  form  of  device.  All  of  the  devices  shown  had 
merit  and  after  the  merits  of  each  device  had  been  explained  to 
the  executives  of  the  different  companies  represented,  a  sub- 
committee of  one  representative  from  each  company  was  ap- 
pointed to  decide  which  invention,  or  which  inventions,  should  be 
embodied  in  a  device  that  would  furnish  a  suitable  standard  that 
would  be  cheap  and  practical.  The  next  day  the  manufacturers 
again  assembled  and  the  committee  made  its  report.  The  eight 
manufacturers  represented  feel  that  standardization  is  essential 
and  that  the  device  chosen  contains  the  essentials  for  success  as 
far  as  design  is  concerned.  The  manufacturers  who  were  present 
represented  companies  recognized  as  reliable  makers  of  standard 
attachment  plugs  and  devices  of  a  kindred  nature.  I  regret  that, 
due  to  the  short  notice  which  I  received  concerning  this  meeting, 
I  have  no  samples  to  show  you.  The  design  of  the  device  which 
received  favorable  consideration  by  the  manufacturers  is  the  result 
of  a  number  of  meetings  which  have  been  held,  at  one  of  which 
we  had  the  pleasure  of  receiving  the  comments  of  the  executive 
committee  of  the  National  Fixture  Manufacturers  Association; 
at  other  meetings  various  fixture  manufacturers  and  people  in- 
terested have  been  kind  enough  to  attend  and  give  us  their  views. 
The  side  wall  receptacle  is  very  narrow,  the  plug  is  very  narrow 
and  very  thin,  so  that  it  is  well  adapted  to  use  with  the  finest 
fixture,  even  one  of  the  most  delicate  design.  The  ceiling  recep- 
tacle is  interchangeable  with  the  side  wall  receptacle,  and  when 
the  plug  is  inserted  in  the  ceiling  receptacle  it  is  absolutely  locked 
so  that  the  fixture  cannot  be  displaced,  and  the  plugs  are  very  easy 
to  attach  to  the  fixtures.  We  are,  of  course,  very  anxious  that 
only  one  type  of  device  be  made  as  a  standard,  and  this  result 
can  be  accomplished  only  through  cooperation  among  the  many 
manufacturers  interested  in  wiring  devices.  We  have  the  very 
kindest  regard  for  the  previous  speaker,  and  for  the  company  he 
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represents.  We  should  not  care  to  make  any  comparison  between 
any  of  the  devices  under  consideration.  I  understand  that  the 
following  eight  companies  subscribe  to  the  principle  of  manufac- 
turing a  standard  device  as  set  forth  above:  Bryant,  Hubbell, 
Arrow,  Hart  &  Hegeman,  Paiste,  Benjamin,  Cutler-Hammer,  and 
General  Electric  Company. 

Dana  Pierce  :  It  is  easily  understood  that  the  Underwriters, 
and  I  include  in  that  term  the  people  who  get  up  the  electrical 
code,  have  an  interest  in  the  subject  under  discussion  very  dif- 
ferent from  that  of  any  other  of  the  groups  that  have  spoken. 
We  do,  however,  feel  the  same  public  interest  in  the  general  wel- 
fare of  all  who  use  electricity.  We  share  the  ambition  to  see  elec- 
tricity more  widely  used  as  representing  beyond  question  the  saf- 
est method  of  distributing  energ)^  whether,  for  light  or  motor 
service,  under  proper  conditions.  In  making  rules  for  the  Na- 
tional Electrical  Code,  and  with  the  assistance  of  the  other  Na- 
tional organizations  cooperating  with  us,  and  in  our  Standards  of 
the  Underwriters'  Laboratories,  which  we  intend  to  register  the 
advance  of  the  industries  and  will  therefore  cooperate  with  the 
industries  it  is  our  ambition  to  keep  step  with  the  developments 
of  progress,  and  of  convenience  as  well  as  of  safety.  The  word 
safety  suggests  to  me  one  thought.  I  am  not  going  to  speak  dog- 
matically about  it  to-night,  but  it  has  not  been  touched  upon  here 
to-night  and  it  is  perhaps  worthy  of  your  consideration.  It  is 
the  question  of  safety  to  persons  as  aft'ected  by  electric  fixtures. 
Those  of  you  who  have  been  familiar  with  the  recent  development 
and  discussion  of  electrical  rules  will  appreciate  that  there  has 
been  a  great  deal  of  discussion  in  the  past  four  or  five  years  on  the 
very  simple  question  as  to  whether  an  electric  fixture  should  be 
grounded  or  insulated.  From  the  point  of  view  of  safety, 
whether  of  fire  safety  or  safety  of  persons,  the  fixture  is  a  better 
structure  to-day  than  it  was  formerly.  With  the  simplification  of 
fixtures  there  has  gone  hand  in  hand  a  greater  attention  to  pos- 
sible accidents.  The  tendency  of  recent  years  has  seen  a  general 
trend  towards  the  idea  of  grounding  the  fixtures  instead  of  insul- 
ating them.  The  old  insulating  joint  is  now  gradually  in  general 
becoming  a  by-law,  not  universal.  The  National  Electric  Code 
to-day  permits  the  installation  of  fixtures  under  most  any  condi- 
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tions  without  insulating,  and  prescribes  the  grounding  of  fixtures 
in  the  interest  of  safety.  The  failures  are  less  than  they  used  to 
be  because  of  simpler  construction,  and  the  tendency  is  towards 
grounding  rather  than  insulating  those  fixtures.  The  connection 
with  the  subject  of  "removable  fixtures"  is  fairly  obvious,  I  think. 
The  standard  fixture  outlets  which  were  described  should  be  so 
designed  that  they  can  be  installed  in  such  a  manner  as  effectively 
and  reliably  to  ground  the  non-current  carrying  exposed  parts  of 
the  fixture.  An  insulated  fixture  will  not  find  favor  with  many 
people  it  appears,  and  with  most  safety  and  fire  protection  engi- 
neers to-day,  and  will  find  less  favor  with  them  a  year  from  now. 
That  is  an  idea  which  should  be  considered  by  the  designer  of 
these  fittings,  by  the  contractor,  the  fixture  man  and  everybody 
else  concerned  with  them.  One  other  point  is  this :  Those  of 
you  who  are  familiar  with  the  National  Electrical  Code  will 
recognize  that  there  is  therein  a  venerable  rule  known  as  the  660- 
watt  rule,  which  limits  a  fixture  to  a  maximum  of  660  watts. 
How  long  that  rule  will  remain  in  its  present  condition,  whether  it 
should  remain  or  should  be  changed,  and  if  so  how,  is  a  very  im- 
portant question  and  one  on  which  the  introduction  of  "removable 
fixtures"  and  the  corresponding  change  in  arrangement  of  out- 
lets will  have  a  very  important  bearing.  For  example  with  ten 
outlets  on  a  circuit,  and  a  total  of  ten  single  lamp  fixtures  on, 
one  may  be  within  the  660-watt  rule.  If,  however,  those  ten  fix- 
tures are  taken  down  and  the  next  tenant  puts  up  on  each  of  the 
outlets  a  fixture  with  three  lamps,  he  may  exceed  the  660-watt 
limit.  The  first  tenant  who  used  the  one  lamp  outlet  was  within 
the  rule.  The  next  one  who  uses  two  lamps  per  outlet  is  also 
within  the  rule.  The  next  one  with  three  lamps  per  outlet,  how- 
ever, will  be  over-ruled.  Those  who  are  not  familiar  with  this 
problem  in  all  its  relations  perhaps  will  not  appreciate  it  at  first. 
As  Chairman  of  the  Electrical  Committee  of  the  National  Fire 
Protection  Association,  which  brings  out  the  National  Electrical 
Code  and  as  electrical  engineer  of  the  Underwriters'  Laboratories, 
allow  me  to  say  that  I  think  that  the  Code  Committee  and  those 
who  from  the  point  of  view  of  the  fire  insurance  companies  and 
the  casualty  com]>anies  arc  interested  in  safely  arc  prepared,  aflcr 
proper  presentation  of  the  subject  I0  them  and  after  due  consid- 
eration of  all  resnltini:;  fcitmcs  of  electrical  insi)ection.  to  meet 
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you  to  consider  changiiii;  the  rule.  We  feel  that  with  a  proper 
change  in  the  existing  rule,  whatever  development  in  the  electrical 
art  shall  be  to  the  advantage  of  electrical  men  and  the  electrical 
industry  be  it  manufacturer,  contractor,  fixture  manufacturer, 
whatever  is  to  the  benefit  of  the  American  public  should  be  incor- 
porated in  the  rules  and  become  recognized  as  good  practice.  I 
do  not  believe  that  any  rule,  be  it  the  66o-watt  rule  or  any  method 
of  construction,  can  or  should  be  allowed  to  stand  in  the  way  by 
reason  of  a  technicality  or  by  precedent.  Just  how  that  rule  will 
be  approached,  just  what  will  be  done,  just  what  should  be  done, 
we  are  not  yet  prepared  to  say.  The  evidence  is  not  yet  in,  and 
the  matter  has  not  even  been  formally  submitted,  but  I  do  think 
that  nothing  should  be  anticipated  from  the  Underwriters'  which 
will  stand  in  the  way  of  any  reasonable  and  safe  development. 

H.  S.  Wyncoop  :  I  speak  as  an  inspector  enforcing  the  660- 
watt  rule  incidentally  against  the  wiring  contractor,  and  primarily 
and  always  against  the  fixture  man,  and  I  am  enforcing  it  against 
the  fixture  man  because  I  cannot  catch  the  man  who  sells  the 
toasters  and  the  gjills  and  the  irons  and  the  washing  machines. 
I  feel  ver>'  keenly  about  this  matter  because  day  after  day  I  am 
obliged  not  only  to  make  objections  which  are  based  upon  nothing 
but  theories,  but  to  settle  disputes  by  making  assumptions  which 
may  or  may  not  be  justified.  I  have  seen  job  after  job  where  the 
wiring  contractors  were  delayed,  although  they  had  done  every- 
thing that  was  expected  of  them,  because  the  architect  had  per- 
suaded the  customer  to  buy  fixtures  which  placed  too  many  sock- 
ets on  the  circuit.  The  wiring  contractor  was  held  up  until  some 
one  could  adjust  the  matter,  find  out  whether  extra  circuits  would 
be  run,  or  whether  sockets  were  to  be  taken  off  the  fixtures.  This 
condition  is  all  wrong;  but  we  have  to  enforce  the  rules  until  we 
can  get  them  changed,  and  I  am  very  glad  to  see  that  there  is  a 
sentiment  growing  which  at  least  eventually  will  result  in  some 
change  which  will  put  this  so-called  660-watt  rule  into  such  mod- 
ified form  that  it  can  be  enforced  favorably  and  with  a  sense  of 
satisfaction  that  one  is  really  calling  for  something  which  meets 
the  requirements  of  safety  and  is  not  simply  making  a  man  do  so 
and  so  because  something  in  print  says  that  he  must  do  so. 
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What  we  want  is  for  the  wiring  contractor  and  the  fixture  man- 
ufacturer to  get  together  and  appeal  to  the  Electrical  Committee 
and  say:  "What  do  you  mean  by  this  rule?  Is  it  aimed  at  the 
fixture  man  only?  And  does  it  not  apply  to  any  other  of  the 
appliances  which  enter  the  home  ?  Is  the  circuit  overloaded  when 
there  are  too  many  sockets  on  it,  even  if  use  is  made  of  only  one 
socket  at  a  time?  Is  the  circuit  overloaded  when  there  is,  let  us 
say,  a  500-watt  iron  on  it,  and  also  a  500-watt  toaster,  although 
the  woman  of  the  family  cannot  be  toasting  bread  when  she  is 
using  the  iron,  so  that  she  cannot  use  them  both  together  ?"  What 
is  meant  by  "overloaded?"  What  is  meant  by  a  "normal  load" 
on  the  circuit?  That  is  what  the  Code  talks  about;  that  is  what 
everybody's  code  talks  about.  Isn't  the  circuit  "overloaded"  only 
when  the  fuse  blows?  Those  are  some  of  the  troubles  that  the 
inspector  makes  for  the  wiring  contractor,  and  the  trouble  the 
inspector  makes  for  the  fixture  man.  Someone  spoke  about  the 
janitor  installing  fixtures.  Who  cares  whether  the  janitor  installs 
the  fixtures  or  not?  He  can  install  the  irons  and  washing  ma- 
chines, if  he  wants  to.  Why  not  have  such  an  arrangement  that 
even  a  child  can  install  a  fixture,  that  is,  plug  it  in?  Another 
point  that  has  not  been  quite  clearly  brought  out  is  that  in  our 
re-survey  work  we  find  many  cases  where  fixture  splices  are 
not  soldered  and  are  only  indifferently  taped.  Tracing  this  out 
we  find  that  there  are  many  of  such  cases  which  cannot  all  be 
due  to  careless  inspectors.  Probably  at  some  time  after  approval 
the  fixtures  have  been  disconnected  for  heating,  or  for  redecorat- 
ing of  the  apartment,  or  for  refinishing. 

I  am  heartily  in  sympathy  with  grounding.  I  think  the  City  of 
New  York  was  one  of  the  first  places  where  insulating  joints  were 
dropped  altogether.  But  how  can  one  ground  toasters?  How 
can  he  ground  grills?  It  is  a  question,  except  in  bathrooms  and 
other  locations,  whether  the  grounding  of  fixtures  is  of  such  a 
very  pressing  nature,  until  some  means  of  grounding  these  other 
appliances  has  been  developed.  I  am  not  talking  against  the 
grounding  of  a  fixture,  I  only  say  why  should  we  not  ground  all 
these  other  appliances  as  well  ?  Simply,  I  suppose,  because  it  is 
more  difficult. 

GeiorgK  Ainswortii  :    We  are  fortunate  in  having  with  us  rep- 
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resentatives  of  the  Board  of  Fire  Underwriters  and  Electrical  In- 
spectors. I  wish,  therefore,  to  bring  up  a  point  which  is  not  con- 
nected with  the  discussion,  but  which  is  of  vital  importance  to  the 
wholesale  lighting  fixture  manufacturers,  many  of  whom  are 
present.  We  are  endeavoring  to  supply  the  retail  market  with 
attractive  portable  and  fixed  ornamental  lighting  units  of  delicate 
design  along  the  lines  of  the  popular  French  boudoir  types  which 
are  now  sold  in  great  quantities  by  the  leading  department  stores 
and  decorators  throughout  the  country.  On  account  of  the  under- 
writers' rulings  in  regard  to  the  sizes  of  wires,  we  find  it  impos- 
sible to  make  our  fixtures  look  as  delicate  and  attractive,  or  manu- 
facture them  as  cheaply,  as  the  foreign  manufacturer  is  able  to 
do.  This  advantage  is  obtained  by  him  through  the  use  of  small 
poorly  insulated  wires  which  he  runs  through  the  arms  or  which 
connect  his  lamp  with  the  receptacle.  The  small  sized  wires  create 
a  delicate  and  feminine  appearance,  which  makes  such  fixtures 
exceedingly  marketable  at  the  present  time.  A  visit  to  the  lead- 
ing decorating  shops  and  department  stores,  porcelain  and  glass- 
ware shops  in  New  York  City  will  bear  out  these  points.  It 
seems  hardly  fair  to  make  the  conscientious  American  fixture 
manufacturer  use  a  wire  that  is  larger  and  more  expensive  than 
the  wires  which  are  permitted  in  the  imported  lighting  fixtures 
sold  in  competition  with  the  American  product.  The  scrupulous 
American  manufacturer  is  penalized  by  the  narrow  or  limited  ap- 
plication of  the  rulings  of  the  underwriters.  Is  it  not  fair  that  we 
ask  for  immediate  relief  ? 

H.  S.  Wyncoop  :  The  answer  is  very  easy.  An  electric 
fixture  with  a  number  20  or  2.2.  wire  which  becomes  a  portable 
device,  is  not  under  the  control  of  the  inspection  authorities.  They 
will  have  no  more  control  over  the  American  product  than  they 
would  have  over  the  French  product,  and  the  American  manufac- 
turer can  thus  sell  the  same  kind  of  stuff  that  the  French  manu- 
facturer is  selling. 

F.  A.  Vaughn  :     I  want  to  call  attention  to  Mr.  Luckiesh's 
first  remark  that  we  adopt  some  appropriate  name-word  to  use  in 
connection  with  these  devices.     I  have  not  observed  any  unifor- 
mity in  the  nomenclature  used  by  the  many  speakers.    This  light- 
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ing-unit  hanging  device  has  been  called  everything  from  an  "in- 
ventor's baby"  to  a  "box"  and  a  "plug."  Not  once  have  I  heard 
an  illumination  expert,  or  illuminating  engineer,  or  a  member  of 
the  Society  mention  the  expression  "lighting  unit."  It  seems  to 
me,  at  least  technically,  that  this  is  the  logical  term  to  use  when 
referring  to  what  is  too  often  called  the  "fixture."  Reference  has 
also  been  made  to  portable  "lamps."  The  Illuminating  Engineer- 
ing Society  itself  has  taken  the  trouble  to  define  a  lamp,  yet  even 
Mr.  Luckiesh  himself  calls  these  "fixtures"  that  stand  upon  the 
floor  "portable  lamps"  because  it  is  customary  for  the  layman  to 
call  them  that.  Just  to  start  a  discussion  I'll  make  a  suggestion. 
It  seems  to  me  we  couH  use  the  words  "portable  lighting  units," 
and  classify  them  as  portable  floor  lighting  units,  portable  table 
lighting  units,  portable  ceiling  lighting  units.  If  one  does  not 
like  "portable,"  he  can  make  it  "interchangeable,"  which  is  prob- 
ably better  from  the  point  of  view  of  psychology,  because  the 
customer  is  given  the  suggestion  at  once  of  changing,  or  inter- 
changing, which  is  a  good  thing  for  the  commercial  fixture  design- 
ers and  others.  Or  suppose  we  use  the  word  "attachable"  or 
"detachable"  as  adjectives.  It  seems  to  me  that  such  combina- 
tions with  the  further  classifications  as  to  varieties  of  floor,  ceil- 
ing, table  or  wall  forms  could  really  be  used  intelligibly,  perhaps 
intelligently. 

M.  Luckiesh  :  I  think  at  this  time  we  ought  to  coin  a  word 
to  substitute  for  "fixtures."  I  do  not  know  what  it  would  be  but 
by  way  of  starting  thought  along  this  line,  why  should  w^e  use 
unwieldly  terms  such  as  "portable  lighting  device"  or  "lighting 
unit?"  We  do  not  attach  the  word  unit  to  the  word  toaster.  We 
call  it  a  toaster  because  it  toasts.  Why  cannot  we  have  something 
like  "lighter"  or  "illuminator"  or  perhaps  a  much  better  single 
word  ?  I  suggest  that  the  proper  committee  give  some  considera- 
tion to  this  matter. 
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THE  SAFETY  FEATURES  OF  INDUSTRIAL 
LIGHTING.* 


BY  SAMUEI,  G.    HIBBEN.^ 


The  passage  of  the  New  York  State  Code  relating  to  the  Light- 
ing of  Factories  and  Mercantile  Establishments  brought  us  face 
to  face  with  a  new  safety  factor — illumination.  This  is  one  of 
the  least  understood,  yet  most  vital  subjects  that  have  to  do  with 
economic,  humane  employment  and  development  of  labor,  and 
as  our  knowledge  of  better  lighting  increases,  our  appreciation  of 
its  influence  on  industrial  operation  increases  in  proportion. 

In  discussing  industrial  lighting  fixture  equipment,  and  par- 
ticularly its  maintenance,  we  have  entered  upon  an  argument  dis- 
closing much  that  is  vital  in  the  accomplishment  of  all  three  of 
the  desiderata  of  successful  industrial  operation,  vis.,  production, 
speed,  and  safety.  And  since  production  depends  upon  the  other 
two,  or  since  all  three  are  really  synonymous,  any  arguments 
applying  to  the  maintenance  of  a  grade  of  illumination  satisfac- 
tory for  safety,  will  apply  equally  well  to  the  others. 

On  account  of  the  breadth  of  this  subject,  we  shall  not  attempt 
to  describe  the  various  types  of  lighting  fixtures  on  the  market, 
nor  indicate  of  what  a  satisfactory  lighting  installation  consists. 
One  may  say  in  general  that  good  or  bad  lighting  depends  upon 
two  outstanding  factors.  Bare  incandescent  lamps,  or  unshielded 
glaring  illuminants  that  not  only  do  not  illuminate  but  cause  a 
contraction  of  the  pupillary  opening  of  the  eye  and  resultant 
decrease  in  seeing  ability,  form  one  of  these  factors.  More  or 
larger  bare  lamps  only  aggravate  this  trouble  and  increase  the 

*  A  paper  presented  before  the  New  York  Section  of  the  Illuminating  Engineering 
Society,  Nov.  12,  1920. 

1  Illuminating  Engineer,  the  Westinghouse  I,amp  Company. 
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hazard — the  solution  is  found  in  the  proper  use  of  a  good  reflec- 
tor, or  a  shielding  fixture. 

The  second  factor  is  the  matter  of  insufficient  light,  and  this 
is  very  largely  influenced  by  lamp  renewals,  reflector  and  lamp 
cleaning,  and  the  colors  of  surroundings,  or  whatever  would  be 
involved  in  maintaining  the  original  installation  up  to  its  initial 
efficiency.  It  is  this  very  important  phase  of  applied  illuminating 
engineering  that  will  be  discussed  herein. 

Insufficient  illumination  unquestionably  reduces  visual  acuity, 
decreases  the  speed  of  muscular  action,  confuses  the  mind,  and 
leads  to  accidents.    A  few  figures  will  illustrate  this  point. 

In  the  coal  industry,  for  example,  we  think  of  coal  mine  acci- 
dents as  resulting  mostly  from  falling  slate  or  gas  explosions, 
whereas  statistics  show  that  for  each  one  thousand  men  employed 
underground,  there  are  eleven  serious  or  fatal  accidents  a  year, 
and  for  the  same  number  of  employees  working  above  ground 
there  are  five  serious  accidents  per  year.  In  very  few  industries 
is  the  illumination  so  wretched,  either  above  or  below  ground, 
and  this  largely  explains  why  we  find  the  abnormally  high  accident 
rate  in  both  places.  The  five  accidents  that  occur  uninfluenced 
by  underground  hazards  can  be  almost  altogether  attributed  to 
either  poor  natural  or  poor  artificial  light,  and  doubtless  more 
than  one-third  of  the  underground  accidents  arise  from  the  same, 
or  a  greater  insufficiency  of  light. 

As  another  feature  of  the  close  relation  between  light,  speed, 
and  safety,  we  can  cite  the  example  of  the  tennis  ball,  which  may 
be  perfectly  visible  to  each  tennis  player  when  held  in  the  hand 
just  before  serving,  but  which  when  in  rapid  motion  in  the  air 
is  almost  invisible  if  the  daylight  be  weak.  Any  rapidly  moving 
object  must  register  its  image  upon  the  brain  before  we  "see" 
it,  and  as  in  the  photography  of  objects,  there  must  in  human 
vision  be  sufficient  illumination  of  that  object  before  our  eyes — 
our  human  motion  picture  cameras — will  record  a  clear  impres- 
sion of  it.  Muscular  action  cannot  begin  until  after  our  brains 
have  "developed  the  film,"  and  hence  our  speeding  up  of  action, 
either  to  produce  or  to  protect,  must  first  start  with  an  under- 
standing of  the  "time-element"  of  vision,  and  an  endeavor  to 
reduce  this  time  to  a  minimum,  by  higher  lighting  intensities. 
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Granting,  for  a  moment,  that  good  illumination  is  largely  de- 
pendent upon  the  care  of  the  lighting  equipment,  let  us  see  what 
valuation  may  be  put  on  poor  maintenance,  in  other  words,  what 
is  the  high  cost  of  poor  light.  Figures  that  in  general  agree  with 
insurance  statistics  (if  they  err,  it  is  upon  the  safe  side)  show 
that  the  total  annual  serious  accidents  in  industrial  plants  in  the 
United  States  amount  to  25,000  per  year.  That  is  the  minimum 
figure.  Out  of  this  25,000  we  find  15  per  cent,  chargeable  to 
poor  illumination — either  unshielded  poorly  directed  light,  or 
insufficient  light.  Now,  based  upon  the  average  amount  of  em- 
ployee's compensations  paid,  the  equivalent  lost  time  of  each 
serious  or  fatal  accident  traceable  to  faulty  illumination  is  850 
weeks,  or  the  total  annual  time  lost  is  over  3,000,000  weeks, 
roughly  equivalent  to  the  working  life  times  of  1,000  men.  If 
these  men  were  earning  $25.00  per  week,  then  practically 
$80,000,000  in  wages  are  lost  annually,  through  improper  light- 
ing. If  we  add  to  this  staggering  sum  the  doctor's  bills,  medi- 
cines and  losses  of  production  we  arrive  at  astonishing  figures  1 

1.  One  does  not  often  think  about  the  fact  that  the  intensities  of 
artificial  light  in  industrial  plants  are  much  below  the  daylight 
intensities.  We  find  daylight  in  factories  running  from  4  to 
approximately  50  foot-candles ;  general  artificial  lighting  in  fac- 
tories for  even  fine  factory  work  has  this  year  been  in  the  range 
from  4  to  12;  medium  factory  work  between  3  and  9,  and  some- 
times down  to  3^  or  34  foot-candle  for  indoor  passageways. 
Places  like  stairways,  and  the  positions  where  accidents  are  the 
most  prevalent  are  usually  most  poorly  lighted  and  if  daylight 
conditions  here  were  reproduced  even  in  the  most  meager  way — 
even  if  we  only  approximated  daylight  conditions  we  could  reduce 
accidents  materially  because  statistics  show  that  the  largest  ma- 
jority of  accidents  occur  in  the  night  shifts.  The  percentage  is 
about  two  to  one — two  accidents  under  artificial  lighting  com- 
pared to  one  accident  under  daylight  conditions. 

2.  How  do  the  manufacturers  regard  good  lighting?  Increased 
production,  79  per  cent,  of  the  manufacturers  say,  is  their  excuse 
for  good  lighting.  Decreased  spoilage,  71  per  cent,  say,  is  their 
reason.  Fifty-nine  per  cent,  of  the  manufacturers  say  that  fewer 
accidents  constitute  their  reason  for  good  lighting,  etc. 
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Offhand  the  manufacturers  admit,  without  any  argument  at 
all,  that  in  half  of  the  cases  they  would  have  fewer  accidents  if 
they  had  better  illumination. 

Now  it  has  been  shown  that  the  total  cost  of  accidents,  the  total 
disability  payments,  and  the  total  lost  time  of  industrial  operators 
in  the  United  States  amount  to  more  than  the  total  cost  of  arti- 
ficial illumination.  We  should  ponder  over  that  fact !  The  total 
cost  of  artificial  illumination  in  the  United  States  is  exceeded  by 
the  cost  of  accidents  and  the  loss  of  production  resulting  from 
poor  lighting,  and  yet  59  per  cent,  of  the  manufacturers  already 
agree  that  poor  lighting  is  directly  or  indirectly  responsible  for 
these  accidents.  Surely,  then,  it  is  logical  to  preach  the  doctrine 
of  improvement,  and  the  folly  of  inertia. 

3.  Data  of  reputable  insurance  companies  prove  that  artificial 
lighting  is  connected  in  some  way  with  accidents.  In  one  class 
of  labor  during  July  and  August  there  occur  out  of  a  maximum 
of  some  ninety-five  accidents,  about  sixty.  The  rate  rises  in 
October,  November,  and  December,  falling  off  in  January,  Feb- 
ruary and  March,  as  the  days  grow  longer,  and  down  to  a  mini- 
mum again  in  May,  June,  and  August,  when  daylight  is  a 
maximum. 

This  is  not  new  information  at  all,  but  it  adds  weight  to  the 
argument  that  the  fatal  accidents  or  the  serious  accidents  pre- 
vail in  the  darker  seasons  of  the  year.  Other  items,  such  as  poor 
ventilation,  low  temperatures,  etc.,  undoubtedly  enter  into  these 
figures,  but  in  tropical  latitudes  nearly  this  same  ratio  is  found 
to  exist. 

Similarly,  the  majority  of  the  accidents  that  do  occur  in  the 
dark  seasons  occur  when  the  daylight  is  insufficient. 

4.  Now,  it  can  be  shown  how  maintenance  is  responsible  for 
good  light,  and  conversely  what  poor  light  we  will  get  when  we 
do  not  consider  maintenance.  The  first  thing  to  do  to  get  good 
illumination  and  to  reduce  the  danger  of  the  industrial  accidents 
is  to  look  to  the  interior  finish  of  the  rooms  or  the  factories. 
This  is  termed  "Painting  for  Light."  In  other  words,  ordinary 
white  paint  has  a  reflection  value  of,  say,  82  per  cent.  Consider 
the  ceiling  of  a  room  that  is  finished  in  gray-white  and  with  a 
reflecting  value  of  about  75  per  cent.,  then  three-quarters  of  the 
light  falling  on  the  ceiling  surface  will  be  reflected.    Now,  if  we 
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were  to  neglect  that  fact,  and  were  to  paint  our  walls  and  ceiling 
medium  gray,  for  instance,  which  would  reflect  46  per  cent,  of  the 
light,  we  have  cut  our  available  usuable  illumination  practically 
in  half.  In  the  red  and  dark  colors  the  reflection  coefficients  range 
in  value  to  about  30  per  cent.  Hence  one  of  the  first  things  that 
will  lead  to  better  illumination  and  fewer  accidents  will  be  the 
attention  given  to  the  interior  finishes  of  the  buildings. 

This  question  of  light-colored  interiors  is  very  pertinent.  Xot 
only  must  one  use  light-colored  paints  to  obtain  high  efficiency, 
but  he  must  clean  the  paints  or  must  maintain  them.  Some  of 
us  have  worked  a  great  deal  in  the  steel  mill  districts  where  per- 
haps the  cheapest  thing  in  the  factory  would  be  white-wash,  and 
yet  this  is  the  rarest  thing  that  one  can  find.  One  rarely  sees  a 
steel  mill  white-washed,  and  yet  the  illumination  of  such  a  plant 
could  frequently  have  been  increased  20  per  cent,  by  a  coating 
of  white-wash  on  black  walls.  Large  expanses  of  pure  white 
surfaces  directly  before  a  workman's  eyes  are  not  advisable,  as 
neither  are  unshaded  windows,  but  a  sensible  use  of  both  can 
produce  remarkable  improvements. 

5.  Cleaning  is  essential  in  maintaining  lighting  efficiency.  When 
a  typical  reflector  that  has  been  in  service  several  weeks  be  wiped, 
its  candlepower  in  a  downward  direction  is  increased  from  1,000 
to  approximately  1,350,  with  corresponding  increases  in  other 
directions.  When  the  unit  is  thoroughly  washed  with  soapy  water 
and  ammonia,  its  downward  light  is  increased  to  about  1,500 
candlepower.  Obviously  a  neglected  lighting  fixture  cannot  prop- 
erly perform  its  work,  and  the  ones  that  show  dirt  are  in  many 
cases  preferable  to  those  that  do  not,  for  they  will  probably  be 
cleaned  oftener. 

6-7.  Though  some  fixtures  in  industrial  plant  lighting  are 
affected  more  than  others,  yet  all  sufifer  so  much  that  after  two  or 
three  weeks  time  the  light  output  is  reduced  to  85  per  cent,  of  its 
original  amount,  or  less.  With  the  inverted  type  of  glass  bowl, 
or  the  semi-indirect  types,  there  is  a  still  more  astonishing  con- 
dition. Merely  a  thorough  washing  results  in  26  per  cent,  more 
usable  illumination  and  the  cost  of  this  cleaning  as  compared  to 
the  investment  and  operating  expenses,  is  very  small,  scarcely 
reaching  30  per  cent,  of  the  latter.    The  slogan,  "Water  is  cheaper 


54         TRANSACTIONS  I.  E.  S.     VOL.  XVI,  NO.  3,  APRII,  30,   I92I 

than  Watts,"  might  well  be  printed  on  the  card  of  every  efficiency- 
expert. 

8.  Comparing  the  depreciation  of  illumination  in  the  office  with 
that  in  the  factory,  we  note  that  the  factory  units  suffer  more. 
This  is  reasonable  because  we  find  more  dust  and  usually  an  oily 
dust  in  the  atmosphere  of  the  factory.  In  a  very  dirty  building, 
after  three  weeks  of  neglect,  the  illumination  may  drop  from 
4.0  to  2.0  foot-candles,  and  the  only  reason  why  such  depreciation 
is  allowed  to  continue  is  because  the  reduction  is  so  gradual  and 
the  effects  are  so  insidious. 

9.  If  we  assume  or  admit  that  cleaning  of  lighting  fixtures  and 
of  light-reflecting  surroundings  is  essential  to  efficiency,  then 
why  don't  we  clean?  Is  the  cost  prohibitive?  It  cannot  be  con- 
sidered so,  in  comparison  to  the  results  secured.  In  a  typical 
large  building  having  glass  lighting  reflectors  and  rather  elabo- 
rate commercial  fixtures,  we  find  that  out  of  a  total  annual  oper- 
ating cost  of  lighting  equipment  amounting  to  $14,438,  the  clean- 
ing and  maintenance  is  represented  by  $4,633,  or  about  32  per 
cent,  which  may  be  taken  as  a  fair  proportion. 

10.  Expressed  in  the  terms  of  an  evaluation  of  the  working 
man  and  his  possible  output,  the  cost  of  good  lighting  is  perhaps 
one-tenth  to  one-quarter  of  i  per  cent.  If  we  can  add  to  the 
workman's  output,  or  eliminate  lost  time  represented  by  not  more 
than  two  minutes  per  day,  then  the  value  of  his  output  in  that 
short  length  of  time  will  equal  his  share  of  the  cost  of  lighting  for 
the  entire  day.  Expenditures  for  oil  are  sometimes  greater  than 
for  light — are  we  then  evaluating  the  machine  higher  than  the 
man? 

11 .  In  order  to  show  what  could  be  done  with  a  neglected  light- 
ing installation,  three  factories  were  taken  which  had  conditions 
that  are  found  all  too  frequently.  Case  i  was  found  with  2.6  foot- 
candles  of  average  illumination  intensity.  Washing  the  units  in- 
creased this  illumination  37  per  cent,  to  3.6  foot-candles.  Re- 
placing old  lamp  bulbs  with  new  lamps  of  the  correct  voltage- 
rating  produced  another  increase  of  about  equal  amount,  while 
finally  a  re-painting  of  the  interior  resulted  in  a  final  intensity  of 
over  7  foot-candles,  all  without  increasing  the  power  consumption 
in  the  slightest.    Cases  2  and  3  of  this  same  experiment  showed 
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similar  gains  that  resulted  from  intelligent  maintenance,  all  add- 
ing weight  of  testimony  to  the  fact  that  it  pays  to  clean. 

12.  Probably  the  greatest  safety  slogan  is  the  old  railway  cross- 
ing sign,  "Stop,  Look  and  Listen!"  But  if  the  old  time  employee 
must  stop,  wipe  his  spectacles,  and  step  to  a  window,  in  order  to 
look,  something  is  wrong  with  the  illumination.  If  it  is  neces- 
sary to  stop  before  looking,  one  has  lost  something,  either  effi- 
ciency of  production  or  accuracy,  or  the  chance  to  save  one's  self 
from  accident  and  injury.  If  the  factory  is  well  lighted,  the 
employees  may  look  zcithout  stopping! 

All  these,  and  many  more  arguments,  are  being  discovered  as' 
studies  are  made  of  efficiency  and  of  safety  as  influenced  by  illu- 
mination. Many  of  us  will  recall  the  character  Scrooge,  in 
Dickens'  Christmas  Carol  who  "Liked  darkness  because  it  was  so 
cheap,"  but  in  these  modern  times  that  idea  has  been  utterly  re- 
placed by  the  larger  truth  that  darkness  in  our  industrial  oper- 
ations is  very,  very  expensive. 
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CONSTITUTION  AND  BY-LAWS  OF  THE  ILLUM- 
INATING ENGINEERING  SOCIETY 

(Adopted  by  a  vote  of  the  Membership,  January   14,   1907.) 

Constitution  amended:  Jan.,  1909;  Jan.,  1910;  Jan.,  191 1;  Jan.,  1912; 
Dec,  1912;  May,  1915;  June,  1920.  By-laws  amended  by  Council: 
Jan.  28.  1907;  Feb.  10,  1910;  Mar.  10,  191 1 ;  Dec.  8,  191 1 ;  Jan.  12,  1912; 
Jan.  10,  1913;    Dec.  14,  1916;    Jan.  li,  1917;    June  11,  1920. 

ARTICLE   I. 
NAME  AND  OBJECTS. 

Section  1:  The  name  of  this  association  shall  be  the  Illumi- 
nating Engineering  Society. 

Section  2:  Its  object  shall  be  the  advancement  of  the  theory 
and  practice  of  illuminating  engineering  and  the  dissemination  of 
knowledge  relating  thereto.  Among  the  means  to  this  end  shall 
be  meetings  for  the  presentation  and  discussion  of  appropriate 
papers ;  the  publication  as  may  seem  expedient  of  such  papers, 
of  discussions  and  communications ;  and  through  committees,  the 
study  of  subjects  relating  to  the  science  and  art  of  illumination, 
and  the  publication  of  reports  thereon. 

ARTICLE  II. 

MEMBERSHIP. 

Section  1 :  The  members  of  this  Society  shall  be  designated 
as  Student  Members,  Associate  Members,  Members,  Sustaining 
Members  and  Honorary  Members. 

Section  2:  A  Student  Member  may  be  a  regularly  registered 
student  in  an  engineering,  technical  or  hne  arts  course  in  anv 
college  or  university  acceptable  to  the  Council.  A  Student  Mem- 
ber may  have  the  privilege  of  participating  in  meetings  and  of 
subscribing  to  the  Transactions,  at  an  established  cost  price,  but 
shall  not  have  the  right  to  hold  office,  except  in  a  Student  Chapter. 
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A  Student  Member  shall  be  eligible  to  continue  in  that  grade  for 
the  fiscal  year  following  his  leaving  college,  and  shall  be  eligible 
for  transfer  to  the  grade  of  Associate  on  request  at  any  time 
within  sixteen  months  after  his  graduation. 

Section  3:  An  Associate  Member  may  be  any  one  interested 
in  the  objects  of  the  Society.    At  the  time  of  his  election  he  shall 

not  be  less  than  eighteen  years  of  age. 

Section  4:  A  Member  shall  be  not  less  than  twenty-three 
years  of  age  and  shall  have  been  for  at  least  three  years  engaged 
in  work  having  a  direct  bearing  on  illuminating  engineering,  or 
shall  have  made  some  valuable  contribution  to  the  science  or  art 
of  illumination. 

Section  5:  A  Sustaining  Member  may  be  a  company,  firm, 
association  or  individual  interested  in  the  objects  of  the  Society 
and  desirous  of  contributing  to  its  support.  A  Sustaining  Mem- 
ber, when  other  than  an  individual,  may  be  officially  represented 
by  an  individual.  The  privileges  of  Sustaining  Members  shall 
be  the  same  as  those  of  other  members,  except  the  right  to  vote 
and  to  hold  office.  All  provisions  of  this  Constitution  governing 
the  admission,  duties  and  obligations  of  other  members  shall, 
unless  otherwise  provided,  apply  to  Sustaining  Members. 

Section  6:  Honorary  Members  may  be  chosen  from  among 
those  who  are  of  acknowledged  eminence  in  some  branch  of  art 
or  science  related  to  illuminating  engineering.  Honorary  Mem- 
bers shall  be  entitled  to  all  the  privileges  of  the  Society  except 
the  right  to  vote  and  to  hold  office  therein. 

Section  7:  Non-members  of  the  Society  may  affiliate  with  a 
section  or  chapter  of  the  Society  in  accordance  with  the  regula- 
tions adopted  by  said  section  or  chapter  and  approved  by  the 
Council.  Such  affiliates  may  take  part  in  local  meetings,  present 
papers  and  discussions.  They  may  act  on  local  committees  and 
contribute  to  assessments  for  local  use.  Affiliates  will  not  be 
privileged  to  vote  or  hold  executive  office. 

ARTICLE  HI. 

ADMISSION  AND  EXPULSION  OF   MEMBERS. 

Section  1 :  Honorary  Members  shall  be  proposed  in  writing 
by  at  least  fifteen  members,  and  shall  be  elected  only  by  the 
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unanimous  vote  of  the  Council.  Voting  shall  be  by  letter-ballot. 
A  person  elected  an  Honorary  Member  shall  be  promptly  noti- 
fied by  letter,  and  the  election  shall  be  cancelled  if  an  acceptance 
is  not  received  within  six  months  after  the  mailing  of  such  notice. 
Section  2:  An  application  for  admission  to  the  Society  shall 
be  made  in  a  form  prescribed  by  the  Council,  and  shall  bear 
endorsements  or  references  as  to  professional  or  moral  standing 
as  follows : 

For  grade  of  Student  Member — one  member  of  the  College 

Faculty. 
For  grade  of  Associate  Member — one  Member  or  Associate 

Member  of  the  Society. 
For  grade  of  Member — three  Members. 
If  applicant  is  not  known  to  the  members  of  the  Society,  the 
reference  may  be  made  to  members  of  professional  societies  of 
good  standing  or  to  other  persons  whose  good  standing  may  be 
readily  verified. 

(a)  Sec.  2:  A  former  member  whose  resignation  has  been 
accepted,  and  who  has  made  written  application  for  re-election  to 
membership,  may  be  re-elected  without  being  required  to  fill  out  a 
new  application  form. 

Section  3 :  An  application  for  transfer  to  the  grade  of  Member 
shall  be  made  in  a  form  prescribed  by  the  Council  and  bear 
endorsements  or  references  as  prescribed  in.  Section  2. 

Section  4:  All  applications  for  admission  to  membership  shall 
be  referred  to  any  section  Board  of  Managers  within  whose  terri- 
tory the  applicant  may  reside,  and  thereafter  passed  upon  by  the 
Board  of  Examiners  appointed  by  the  Council.  All  applications 
for  grade  of  Member  shall  be  approved  by  the  Council  or  Execu- 
tive Committee  before  becoming  effective. 

(b)  Sec.  4:  All  applications  for  admission  to  membership  in  the 
Society  received  by  any  section  or  chapter,  should  be  sent  imme- 
diately to  the  General  Secretary,  who  conducts  this  work  for  the 
General  Board  of  Examiners,  as  per  Article  VII,  (i)  Sec.  8. 

(c)  Sec.  4:  Upon  receipt  of  an  application,  the  General  Secre- 
tary shall  determine  if  it  has  been  properly  filled  out.  If  not,  he 
shall  return  the  form  and  notify  the  applicant  of  the  deficiency. 

(d)  Sec.  4:  If  the  applicant  resides  within  the  territory  of  a 
section  or  chapter,  the  General  Secretary  shall  notify  the  Secretary 
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of  such  section  or  chapter  that  the  application  has  been  received, 
and  shall  afford  the  section  or  chapter  a  specified  reasonable  time 
to  advance  objection  to  the  admission  of  the  applicant.  The  Gen- 
eral Board  of  Examiners  shall  have  entire  supervision  of  inquiry 
into  the  eligibility  of  applicants. 

(e)  Sec.  4:  When  an  application  for  the  grade  oT  Associate 
Member,  or  of  Student  Member,  has  been  approved  by  the  General 
Board  of  Examiners,  such  approval  shall  be  taken  as  equivalent  to 
an  election,  and  the  applicant  shall  be  so  notified.  Such  approvals 
shall  be  reported  to  the  Council  at  its  next  following  meeting. 

(f)  Sec.  4:  The  General  Secretary  shall  request  each  person 
endorsing  an  application  for  transfer,  or  for  admission  to  the  grade 
of  Member,  and  each  person  referred  to  by  the  applicant,  to  fill 
out  a  prescribed  confidential  form  for  consideration  by  the  General 
Board  of  Examiners.  No  application  for  transfer,  or  for  admission, 
to  the  grade  of  Member,  shall  be  acted  upon  by  the  General  Board 
of  Examiners  until  replies  have  been  received  from  the  number  of 
persons  prescribed  by  Section  2.  In  the  event  of  failure  to  receive 
replies,  or  if  replies  are  not  sufficiently  explicit,  the  General  Secre- 
tary may  call  upon  the  applicant  for  the  grade  of  Member  to  fur- 
nish additional  names.  After  serving  as  the  basis  of  recommenda- 
tion from  the  General  Board  of  Examiners  to  the  Council  for  final 
action,  the  application  and  confidential  forms  shall  be  kept  in  the 
files  of  the  Council. 

(g)  Sec.  4:  Applications  for  transfer,  or  for  admission,  to  the 
grade  of  Member,  when  approved  by  the  General  Board  of  Exam- 
iners, shall  be  by  them  recommended  to  the  Council  for  final  action. 

(h)  Sec.  4:  Objection  to  the  admission  or  transfer  of  an  appli- 
cant for  any  grade  of  membership  must  be  accompanied  by  specific 
reasons  for  such  objection. 

(i)  Sec.  4:  Negative  votes  of  three  Council  members  shall 
exclude  a  candidate  for  transfer,  or  for  election,  or  re-election,  to 
the  grade  of  Member. 

Section  5:  A  member  may  resign  from  the  Society  by  a 
written  communication  to  the  Secretary,  which  resignation  shall 
be  accepted  by  the  Council  if  all  his  dues  and  other  indebtedness 
have  been  paid,  and  the  Society  badge  has  been  returned. 

Section  6:  Upon  the  written  request  of  ten  or  more  members 
that,  for  cause  definitely  stated  in  detail,  a  member  of  the  Society 
be  expelled,  the  Board  of  Managers  of  the  section  with  which 
the  accused  is  affiliated  shall  consider  the  matter,  and  if  there 
appears  to  be  sufficient  cause,  shall  advise  the  accused  of  the 
charges  against  him.     The  accused  may  then  present  a  written 
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defense  and  appear  in  person  before  a  meeting  of  the  board.  The 
finding  of  the  board  shall  then  be  submitted  to  the  Council  of 
the  Society  which,  within  two  months,  shall  finally  consider  the 
case,  and  if  a  satisfactory  defense  has  not  been  made,  the  accused 
member  shall  be  expelled  upon  a  two-thirds  vote  of  the  Council. 
In  the  case  of  one  not  a  member  of  a  section,  charges  shall  be 
preferred  directly  to  the  Council. 

ARTICLE  IV. 

DUES. 

Section  1 :  An  entrance  fee,  payable  on  admission  to  the 
Society,  may  be  fixed  by  the  Council,  as  may  also  a  transfer  fee, 
payable  on  transfer  from  the  grade  of  Associate  Member  to  the 
grade  of  Member. 

(a)  Sec.  1 :  The  entrance  fee  for  Members  and  for  Associate 
Members  shall  be  $2.50,  payable  on  admission  to  the  Society. 

(b)  Sec.  I :  A  former  member  whose  resignation  has  been 
accepted,  and  who  has  made  application  for  re-election,  need  not 
pay  the  entrance  fee. 

Section  2:  The  annual  dues  for  Associate  Members  shall  be 
$7.50,  which  shall  include  subscription  to  the  Transactions  of 
the  Society.  The  annual  dues  for  Members  shall  be  $15,  which 
shall  include  subscription  to  the  Transactions  of  the  Society. 
The  Council,  may  fix  an  annual  due  to  be  charged  for  Student 
Members  and  for  affiliates. 

(c)  Sec.  2:  The  annual  dues  are  payable  in  advance.  Bills  for 
dues  shall  be  sent  out  by  the  General  Secretary  not  later  than 
October  loth. 

(d)  Sec.  2:  Any  member  in  arrears  for  dues  for  a  period  of 
four  months  shall  be  informed  by  the  General  Secretar>-  that  he  is 
delinquent  and  can  have  no  vote  or  voice  in  the  affairs  of  the 
Society  nor  receive  its  Transactions  or  other  publications  until  the 
dues  are  paid.  At  the  expiration  of  two  months  thereafter,  if  still 
in  arrears,  he  shall  be  notified  that  his  name  will  be  presented  to 
the  Council  as  delinquent,  if  the  dues  are  not  paid  within  one  month. 
If  the  member  continues  delinquent,  the  Council  shall  drop  him  from 
membership  at  the  regular  meeting  held  in  June. 

(e)  Sec.  2:  From  the  annual  dues  paid  by  each  member  $5 
shall  be  deducted  and  applied  as  a  subscription  to  the  Transactions 
for  the  year  covered  by  such  payment.  The  prices  of  subscription 
to  the  Transactions  shall  be  as  follows:    to  Student  Members  $5 
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per  year;  to  non-members  residing  in  the  United  States,  $7.50  per 
year;  to  non-members  residing  in  foreign  countries,  $8  per  year. 
Single  copies  may  be  sold  at  $1  each ;  provided  that  volumes  reserved 
shall  not  be  broken  to  furnish  single  copies. 

(f)  Sec.  2:  The  official  badge  of  the  Society  shall  be  issued  by 
the  General  Secretary  upon  application  to  any  member  in  good 
standing,  upon  payment  of  $3.50;  provided  that  Honorary  Members 
shall  receive  the  badge  without  payment.  Each  badge  shall  be 
numbered  and  registered  in  the  name  of  the  member  receiving  it. 
Members  purchasing  badges  shall  be  informed  by  the  General  Sec- 
retary that  they  are  issued  with  the  express  condition  that  if  the 
member  resigns  or  is  dropped  from  the  Roll  of  the  Society,  he 
shall  return  his  badge,  receiving  therefor  the  sum  of  $2. 

(g)  Sec.  2:  A  certificate  of  membership  in  the  Society  shall  be 
issued  by  the  General  Secretary  upon  application,  to  any  member  in 
good  standing,  upon  payment  of  $1. 

Section  3:  The  annual  dues  for  Sustaining  Members  shall  be 
not  more  than  $500. 

(h)  Sec.  3:  Dues  (not  exceeding  $500  annually)  for  Sustain- 
ing Members  may  be  elective  with  the  Sustaining  Member.  Trans- 
actions shall  be  sent  free  of  charge  to  Sustaining  Members  whose 
dues  are  $25  or  more  per  annum. 

Section  4:  Honorary  Members  shall  be  exempt  from  all  pay- 
ments. 

Section  5:  Membership  dues  in  the  Society  shall  date  from 
the  quarter  of  the  fiscal  year  nearest  the  date  of  notice  of  admis- 
sion to  the  applicant,  provided,  however,  that  the  applicant  may 
secure  back  issues  of  the  Transactions  (if  in  stock)  by  payment 
of  back  dues.  Applications  approved  during  July,  August  and 
September  may  be  made  effective  October  ist. 

(i)  Sec.  5:  The  privileges  attaching  to  membership  in  the 
Society  shall  not  be  accorded  to  newly-elected  members  until  they 
shall  have  complied  with  the  requirements  of  admission,  including 
payment  of  entrance  fee  and  current  dues.  This  by-law  shall  be 
printed  on  the  form  used  in  notifying  a  candidate  of  his  election. 

(j)  Sec.  5:  If  the  entrance  fee  and  dues  are  not  paid  within 
one  month  after  the  date  on  which  a  member  has  been  notified  of 
his  election,  he  shall  be  finally  informed  of  the  delinquency;  and  if 
such  dues  are  not  paid  within  two  months  from  the  time  of  noti- 
fication of  election,  the  Council  shall  cancel  the  election,  of  which 
cancellation  the  delinquent  and  his  referees  shall  be  informed.  This 
by-law  shall  be  printed  on  the  final  notice  above  provided  for. 
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Section  6:  A  Member  or  an  Associate  Member  who  has  been 
dropped  as  delinquent  may  be  reinstated  by  the  Council  and  retain 
his  original  date  of  election  upon  payment  of  all  back  dues,  being 
then  entitled  to  a  complete  file  of  the  publications  of  the  Society, 
if  in  stock,  corresponding  to  the  period  of  delinquency. 

(k)  Sec.  6:  A  former  member  who  has  been  dropped  for  delin- 
quency, may  be  re-elected  to  membership  without  the  payment  of 
back  dues,  in  accordance  with  the  practice  prescribed  for  new 
members  in  Article  III,  including  the  payment  of  entrance  fee.  He 
shall  not  retain  his  original  date  of  election. 

ARTICLE  V. 

OFFICERS. 

Section  1:  The  officers  of  the  Society  shall  be  a  President, 
Vice-Presidents  equal  in  number  to  the  number  of  organized 
Sections,  nine  Directors,  a  Secretary  and  a  Treasurer.  Only 
Members  are  eligible  as  officers  of  the  Society. 

Section  2:  The  President,  the  Secretary  and  the  Treasurer 
shall  hold  office  for  one  year ;  the  Vice-Presidents  shall  hold  office 
for  two  years  and  the  Directors  for  three  years.  Terms  of  office 
shall  commence  the  first  day  of  October.  A  retiring  President, 
Vice-President  or  Director  shall  not  be  eligible  for  immediate 
re-election  to  the  same  office,  and  a  retiring  Vice-President  shall 
not  be  eligible  for  immediate  election  as  a  Director.  At  each 
annual  meeting  officers  shall  be  elected  to  succeed  those  retiring 
by  expiration  of  term. 

Section  3:  A  vacancy  in  the  office  of  President  shall  be  filled 
by  the  senior  Vice-President;  a  vacancy  in  the  office  of  \'ice- 
President  shall  be  filled  by  the  senior  Director;  a  vacancy  in  the 
office  of  Director  shall  be  filled  by  the  Council,  preferably  by 
selection  from  members,  if  any,  who  at  the  previous  annual  elec- 
tion received  votes  for  the  office  of  Director.  A  vacancy  in  the 
office  of  Secretary  or  Treasurer  shall  be  filled  by  the  Council. 
Such  succession  to  office  or  appointment  by  the  Council  shall  not 
render  an  officer  ineligible  for  immediate  election  to  the  same 
office.  Seniority  between  officers  of  the  same  rank  and  date  of 
election  shall  be  determined  by  the  date  of  their  election  as 
members. 
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Section  4:  No  officer  shall  receive,  directly  or  indirectly,  any 
salary,  compensation  or  emolument  from  the  Society,  either  as 
such  officer  or  in  any  other  capacity,  unless  authorized  by  a  vote 
of  the  majority  of  the  entire  Council.  No  officer  shall  be  inter- 
ested, directly  or  indirectly,  in  any  contract  relating  to  the  opera- 
tions conducted  by  the  Society,  nor  in  any  contract  for  furnishing 
supplies  thereto,  unless  by  the  unanimous  vote  of  the  Council. 


ARTICLE  VI. 

ELECTION  OF  OFFICERS. 

Section  1:  Each  year  not  later  than  April  ist,  a  Board  of 
Nomination,  consisting  of  the  two  junior  Past-Presidents  and  of 
the  Past-Vice-Presidents  whose  terms  of  office  expired  in  the  two 
preceding  Septembers,  shall  proceed  to  prepare  a  nomination 
ticket  containing  the  names  of  those  whom  they  deem  best  suited 
for  the  offices  to  be  filled  at  the  ensuing  annual  election.  Nomi- 
nees for  the  office  of  Vice-President  shall  be  so  selected  that,  if 
such  nominees  are  elected,  each  locality  where  there  is  a  section 
of  the  Society  may  be  represented  on  the  Council  by  a  Vice- 
President. 

(a)  Sec.  I :  Each  year,  not  later  than  March  15th,  the  General 
Secretary  shall  send  to  the  Senior  Past-Ofificer  among  those  desig- 
nated in  Article  VI,  Section  i,  a  copy  of  that  section  and  the  names 
and  addresses  of  the  other  Past-Officers  therein  designated.  The 
senior  officer  shall  then  forthwith  proceed  to  organize  the  Board 
of  Nomination  and  shall  submit  its  report  to  the  General  Secretary 
not  later  than  April  25th. 

Section  2:  The  ticket  thus  prepared  shall  be  printed  and  for- 
warded to  members  not  later  than  May  5th  together  with  an 
unmarked  inner  envelope,  and  an  outer  official  voting  envelope 
bearing  the  name  and  address  of  the  Society  and  the  words, 
"Official  Voting  Envelope — Enclosing  a  Ballot  Only."  The 
member  voting  shall  enclose  his  ballot  in  the  unmarked  envelope, 
which  shall,  in  turn,  be  enclosed  in  the  outer  envelope,  which 
latter  shall  be  endorsed  with  the  name  of  the  sender.  Ballots  to 
be  counted  must  reach  the  General  Secretary  not  later  than 
May  26th, 
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(b)  St'c.  2:  The  General  Secretary  shall  have  printed  and 
enclose  with  the  olVicial  nomination  ticket,  Section  2  of  Article  V, 
and  Sections  i,  2  and  3  of  Article  V'l. 

(c)  Sec.  2:  The  Roll  of  members  shall  designate  those  who  are 
charter  members  of  the  Society.     The  names  of  present  and  past 

general  officers  shall  be  followed  by  the  name  of  office  held,  printed 
in  italic  type. 

Section  3:  A  member  may  vote  the  official  ticket  above  pro- 
vided for ;  or  he  may  erase  any  names  thereon  and  substitute 
others ;  or  he  may  substitute  a  written  ballot  containing  names 
of  his  own  selection. 

Section  4:  The  President  at  a  Council  meeting  in  May  shall 
appoint,  subject  to  the  approval  of  the  Council,  five  members,  not 
members  of  the  Council,  to  constitute  a  Committee  of  Tellers. 
This  committee  shall  meet  between  May  26th  and  May  30th,  and 
shall  receive  unopened  all  ballots  from  the  General  Secretary  and 
shall  forthwith  proceed  in  secret  to  count  the  vote.  It  shall  then 
prepare  in  duplicate  and  sign  a  report  of  the  results  of  the  vote. 
one  copy  of  which  shall  be  delivered  to  the  General  Secretary  and 
the  other  forwarded  by  the  Chairman  to  the  Council  which  shall 
authorize  prompt  publication  of  the  results  in  the  Transactions 
of  the  Society. 

(d)  Sec.  4:  The  General  Secretary  upon  receipt  of  the  report 
from  the  Committee  of  Tellers,  shall  at  once  notify  the  President- 
elect of  the  result  of  the  election.  Upon  the  acceptance  of  the 
report  of  the  Committee  of  Tellers  by  the  Council,  the  General 
Secretary  shall  mail  a  notification  of  election  to  each  successful 
candidate.  Such  notification  shall  contain  a  statement  of  the  dura- 
tion and  duties  of  office  and  shall  be  accompanied  by  a  copy  of  the 
Constitution  and  By-laws. 

ARTICLE  VII. 
management. 
Section  1 :     The  afiFairs  of  the  Society  shall  be  managed  by  a 
Council  under  this  Constitution  and  under  the  By-Laws  adopted 
for  the  execution  thereof.    The  Council  shall  direct  the  business 
of  the  Society  either  itself  or  through  its  officers  and  committees. 
Section  2:     The  Council  shall  consist  of  the  officers  of  the 
Society  and  of  the  two  junior  Past-Presidents. 
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(a)  Sec.  2:  Regular  meetings  of  the  Council  shall  be  held  once 
each  month,  except  during  July,  August  and  September.  Special 
meetings  of  the  Council  or  of  the  Executive  Committee  may  be 
called  by  the  President.  Notice  of  such  special  meetings  shall  be 
forwarded  to  the  members  of  the  Council  or  of  the  Executive 
Committee  at  least  three  days  in  advance  of  the  meeting.  The 
notice  shall  contain  a  synopsis  of  the  business  to  be  brought  before 
the  special  meeting,  and  no  business  other  than  that  so  specified 
shall  be  transacted  at  such  meeting. 

(b)  Sec.  2:  The  General  Secretary  shall,  after  each  meeting  of 
the  Council,  forvi^ard  to  each  member  thereof  a  transcript  of  the 
minutes  of  the  meeting. 

(c)  Sec.  2:  As  soon  as  feasible  after  the  Council  has  organized 
each  year,  it  shall  adopt  a  budget  or  itemized  estimated  statement 
of  the  year's  income  and  expenses. 

(d)  Sec.  2:  For  the  guidance  of  the  Committee  on  Papers,  the 
Council  shall,  as  early  as  possible  in  the  administrative  year,  deter- 
mine a  maximum  limiting  sum  (to  be  paid  by  the  next  succeeding 
administration),  for  the  cost  of  publishing  papers  and  discussions 
for  the  annual  convention. 

Section  3 :  The  Council  may  delegate  any  or  all  of  its  powers 
to  an  Executive  Committee  of  five  members,  consisting  of  the 
President,  the  Secretary  and  the  Treasurer,  ex-officio,  and  two 
other  members  of  the  Council,  which  committee  shall  conduct  the 
affairs  of  the  Council  between  its  meetings. 

(e)  Sec.  3 :  Should  the  Executive  Committee  have  taken  any 
action  between  meetings  of  the  Council,  it  shall  report  such  action 
at  the  first  meeting  of  the  Council  following;  if  approved,  the 
action  of  the  Executive  Committee  shall  be  as  if  the  action  of  the 
Council. 

Section  4:  The  President  shall  have  general  supervision  of 
the  affairs  of  the  Society  under  the  direction  of  the  Council.  He 
shall  preside  at  the  meetings  of  the  Council  at  which  he  may  be 
present  and  shall  be  ex-officio  member  of  all  committees.  He 
shall  deliver  an  address  at  the  annual  convention  of  the  Society. 

Section  5:  Vice-Presidents  or  Directors,  in  order  of  seniority, 
shall  preside  at  meetings  of  the  Council  in  the  absence  of  the 
President. 

(f)  Sec.  5:  The  President  may,  with  the  approval  of  the  Coun- 
cil, assign  to  Vice-Presidents  special  activities  in  connection  with 
particular  phases  of  the  Society's  work,  such  as  maintenance  of 
contact  with  sections,  chapters,  local  representatives,  etc. 
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Section  6:  The  Treasurer  shall  be  the  custodian  of  all  moneys. 
He  shall  make  an  annual  report,  which  shall  be  audited,  and 
such  other  reports  as  may  be  prescribed.  The  Treasurer  and 
the  Secretary,  with  the  advice  and  consent  of  the  Committee  on 
Finance,  shall  invest  such  funds  as  may  be  ordered  by  the  Council. 
They  shall  pay  all  bills  when  audited  by  the  Committee  on  Finance 
and  approved  by  the  Council. 

Section  7:  The  General  Secretary  shall  be,  under  the  direc- 
tion of  the  President  and  the  Council,  the  executive  officer  of  the 
Society.  He  shall  prepare  the  business  for  the  Council  and  record 
the  proceedings  thereof.  He  shall  collect  all  moneys  due  to  the 
Society,  and  deposit  the  same  subject  to  the  order  of  the  Treas- 
urer. He  shall  personally  certify  the  accuracy  of  bills  or  vouchers 
upon  which  money  is  to  be  paid  and  shall  draw  and  countersign 
all  checks,  which  shall  be  signed  by  the  Treasurer  when  such 
drafts  are  known  by  him  to  be  proper,  duly  authorized  by  the 
Committee  on  Finance  and  in  accordance  with  the  necessary 
vouchers  transmitted  by  the  General  Secretary  with  the  draft.  He 
shall  have  charge  of  the  books  and  accounts  of  the  Society  and 
shall  furnish  monthly  to  the  Council  a  statement  of  receipts  and 
expenditures  and  monthly  balances.  He  shall  present  annually 
a  report  to  the  Council  for  publication  in  the  Transactions, 
and  from  time  to  time  shall  furnish  such  statements  as  may  be 
required.  He  shall  conduct  the  correspondence  of  the  Society 
and  keep  full  records  and  perform  such  other  duties  as  may  be 
assigned  to  him.  The  Council  may  appoint  assistants  to  the 
General  Secretary ;  one  of  these  may  have  the  title  of  Assistant 
Secretary,  and  shall  be  under  the  immediate  direction  of  the 
General  Secretary  and  aid  him  in  all  matters.  In  the  event  of 
prolonged  absence  or  disability  of  the  General  Secretary  or  Treas- 
urer the  Council  shall  authorize  one  of  its  members  to  sign  or 
countersign  checks. 

(g)  Sec.  7:     The   accounts   of   the   General   Secretary   and   the 
Treasurer  shall  be  audited  annually  just  prior  to  the  annual  meeting. 

Section  8:  The  President  shall,  at  the  first  meeting  of  the 
Council  after  he  assumes  office,  appoint,  subject  to  the  approval 
of  the  Council,  the  following  standing  committees :   a  Committee 
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on  Finance,  of  three  members;  a  Committee  on  Papers,  of  at 
least  five  members;  a  Committee  on  Editing  and  Publication,  of 
three  members.  He  may  also  appoint  temporary  committees  from 
time  to  time.  Two  of  the  three  members  of  the  Finance  Com- 
mittee shall  be  members  of  the  Council,  and  the  other  standing 
committees  shall  include  at  least  one  member  of  the  Council. 

(h)  Sec.  8:  The  President  shall,  at  the  first  meeting  of  Council 
after  he  assumes  office,  appoint,  subject  to  the  approval  of  the 
Council,  a  General  Board  of  Examiners,  consisting  of  three  members, 
to  investigate  the  qualifications  of  all  applicants  for  admission  to 
membership;  to  elect  or  reject  applications  for  the  grades  of  Asso- 
ciate Member  and  Student  Member,  reporting  their  action  to  the 
Council;  and  to  make  recommendations  to  the  Council  regarding 
applications  for  transfer,  or  election,  to  the  grade  of  Member. 

(i)  Sec.  8:  The  correspondence  regarding  applications  for 
membership,  and  in  reference  to  the  qualifications  of  applicants,  shall 
be  conducted  by  the  General  Secretary  for  the  benefit  of  the  General 
Board  of  Examiners. 

(j)  Sec.  8:  The  President-elect,  upon  notification  of  election, 
may  submit  informally  to  the  members  who  will  constitute  the 
Council  during  his  administration,  proposed  committee  appointments, 
and  upon  receipt  of  assurance  that  the  appointments  will  be  ratified, 
may  arrange  with  the  General  Secretary-elect,  the  members  of  the 
new  Council  and  the  members  of  the  new  committees,  in  advance 
of  the  new  administrative  year,  to  formulate  plans  with  a  view  to 
beginning  active  work  promptly  upon  the  retirement  of  the  existing 
administration. 

Section  9:  All  committees  shall  be  directly  responsible  to  the 
Council,  and  shall  act  under  its  direction.  The  Council  may  at 
any  time,  at  its  own  discretion,  remove  any  or  all  members  of  a 
committee,  and  thereupon  the  President  shall  forthwith  appoint 
others  as  hereinbefore  provided;  in  the  failure  of  the  President 
duly  to  appoint  such  a  committee,  the  Council  may  make  the 
api)ointment.  The  terms  of  the  members  of  all  standing  and 
temporary  committees  shall  terminate  at  the  time  of  the  first 
Council  meeting  of  the  new  administration  of  each  year.  Tn  case 
of  failure  to  appoint  new  standing  Committees  on  Finance,  on 
Papers  and  on  Editing  and  Publication,  the  retiring  committees 
shall  continue  to  act  until  their  successors  are  appointed. 
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(k)  Sec.  q:  The  appointment  of  committees  to  report  upon 
scientitic  and  cnRineerinR  subjects  shall  be  authorized  only  by  a 
majority  vote  of  the  Council,  which  shall  be  taken  by  letter-ballot. 
When  such  a  committee  is  thus  authorized,  the  President  shall 
appoint  the  members  thereof,  subject  tc  approval  by  vote  of  a 
quorum  of  the  Council. 

(I)  Sec.  9:  So  far  as  possible,  all  reports  of  committees  to  the 
Council  shall  be  in  writing  and  signed  by  all  the  members  of  the 
committee,  or  an  explanation  shall  be  offered  by  the  chairman  for 
the  absence  of  any  signature.  If  only  an  oral  report  of  committee 
work  can  be  rendered,  the  chairman  or  other  member  making  such 
report  shall  state  if  the  subject  matter  has  been  submitted  to  the 
other  members  of  the  committee,  and  shall  offer  an  explanation  if 
this  has  not  been  done.  The  duties  of  all  committees  not  specifically 
defined  in  the  Constitution  and  By-laws  shall  be  outlined  by  the 
Council  at  the  time  of  appointment  or  reappointment. 

Section  10:  The  Committee  on  Finance  shall  have  direct  super- 
vision of  the  financial  affairs  of  the  Society,  and  shall  present 
to  the  Council  an  annual  report  on  its  financial  condition.  It 
shall  approve  all  bills  before  payment,  and  shall  make  recom- 
mendations to  the  Council  as  to  the  investment  of  moneys  and 
upon  all  specific  appropriations.  Xo  payments  other  than  routine 
ofiice  expenses  shall  be  made  by  the  General  Secretary  or  Treas- 
urer, except  upon  the  authorization  of  the  Committee  on  Finance. 

Section  11:  The  Committee  on  Papers  shall  have  general 
supervision  of  all  papers  to  be  presented  before  the  Society,  and 
shall  have  the  duty  of  preparing  the  programs  of  general  meet- 
ings of  the  Society  and  procuring  papers  for  presentation  before 
such  meetings.  No  paper,  discussion,  communication  or  report 
shall  be  printed  in  the  Transactions  of  the  Society  or  elsewhere 
until  approved  by  the  committee. 

(m)  Sec.  II :  The  Committee  on  Papers  may  direct  the  Com- 
mittee on  Editing  and  Publication  to  make  such  revision  as  may  be 
considered  necessary  or  desirable,  of  papers  and  communications 
offered  for  publication ;  in  case  of  such  revision  the  manuscript 
shall  be  returned  to  the  author  to  obtain  his  consent  thereto,  and 
should  such  consent  by  refused,  the  paper  or  communication  shall 
not  be  accepted  for  presentation  before  the  Society. 

(n)  Sec.  II  :  The  acceptance  of  a  paper  or  communication  for 
presentation  before  the  Society  or  any  section  thereof  shall  not  be 
considered  a  guarantee  of  its  publication  in  the  Transactions. 
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Section  12:  The  Committee  on  Editing  and  Publication  shall 
edit  all  discussions  of  papers  presented  before  the  Society  or  any 
section  thereof,  and  shall  decide  all  questions  of  detail  regarding 
the  publication  of  papers,  discussions  and  communications.  The 
Transactions  and  other  publications  of  the  Society  shall  be  in 
direct  charge  of  this  committee. 

(o)  Sec.  12:  The  Committee  on  Editing  and  Publication  may, 
at  its  discretion,  abridge  discussions  for  printing.  The  committee 
shall  -cancel  remarks  that  do  not  bear  directly  on  the  subject  under 
discussion,  or  that  deal  in  personalities  or  have  manifestly  a  purely 
commercial  object. 

(p)  Sec.  12:  All  papers,  discussions  and  other  matter  intended 
for  publication  in  the  Transactions  shall,  so  far  as  possible,  be 
revised  and  edited  in  manuscript  and  not  in  proof. 

(q)  Sec.  12:  A  revised  report  of  any  member's  discussion  on 
any  paper  must  be  received  at  the  general  office  of  the  Society 
within  ten  days  after  it  has  been  mailed  to  the  member,  otherwise 
revision  shall  be  made  by  the  Editing  Committee. 

(r)  Sec.  12:  The  Transactions  of  the  Society  shall  be  issued 
nine  times  per  year,  at  intervals  of  approximately  40  days,  viz. : 
No.  I,  Feb.  loth;  No.  2,  Mar.  20th;  No.  3,  April  30th;  No.  4,  June 
loth;  No.  5,  July  20th;  No.  6,  Aug.  30th;  No.  7,  Oct.  loth;  No.  8, 
Nov.  20th;  No.  9,  Dec.  30th. 

Section  13:  Five  members  shall  constitute  a  quorum  of  the 
Council.  The  "Vote  of  the  Council"  shall  be  a  vote  of  the 
majority  of  the  members  present  and  forming  a  quorum,  except 
where  a  letter-ballot  is  prescribed,  when  the  "Vote  of  the  Coun- 
cil" shall  be  a  vote  of  the  majority  of  the  entire  membership  of 
the  Council. 

ARTICLE  VIII. 

MEETINGS. 

Section  1:  The  annual  meeting  of  the  Society  shall  be  held 
on  the  second  Thursday  of  October  of  each  year  at  a  place  in  the 
State  of  New  York  designated  by  the  Council,  when  a  report  of 
the  proceedings  of  the  Society  for  the  past  fiscal  year  shall  be 
presented  by  the  Council,  which  report  shall  be  verified  by  a 
majority  of  the  Council,  including  the  President,  Treasurer  and 
General  Secretary. 
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Section  2:  An  annual  convention  of  the  Socieity  shall  be  held 
on  a  date  and  at  a  place  fixed  by  the  Council,  for  the  presentation 
and  discussion  of  professional  papers  and  subjects.  The  Presi- 
dent shall  deliver  a  presidential  address  at  this  meeting. 

Section  3:  Other  meetings  of  the  Society  as  a  body  may  be 
held  at  such  time  and  place  as  the  Council  shall  direct,  at  which 
no  business  affecting  the  organization  or  policy  of  the  Society 
shall  be  transacted.  Notice  of  all  such  meetings  shall  be  sent 
by  mail  or  otherwise  to  all  members  at  least  ten  days  in  advance 
of  a  meeting. 

ARTICLE  IX. 

SECTIONS. 

Section  1 :  Sections  of  the  Society  may  be  authorized  in  any 
State  or  locality  where  the  membership  exceeds  50. 

(a)  Sec.  I :  Upon  petition  for  the  authorization  of  a  section  of 
the  Society,  the  Council  may  accord  such  authorization  if  the  neces- 
sary membership  exists  within  the  locality  specified  in  the  petition. 

(b)  Sec.  I :  Meetings  of  the  sections  shall  be  held  at  times  and 
places  fixed  by  the  Boards  of  Managers,  but  preferably  before  the 
15th  of  the  month.  When  suitable  papers  or  lectures  are  available, 
meetings  may  be  held  preferably  monthly  except  during  July, 
August  and  September. 

Section  2:  Each  section  shall  nominate  and  elect  a  Chairman, 
five  Managers  and  a  Secretary. 

Section  3:  The  officers  of  a  section  shall  be  elected  annually 
by  the  members  affiliated  with  the  section,  the  election  to  be  in 
accordance  with  a  procedure  fixed  by  the  Council. 

(c)  Sec.  3:  Procedure  in  nominating  and  electing  section  offi- 
cers shall  be  as  follows,  except  when  other  procedure  shall  be 
authorized  by  the  Council : 

A  section  nominating  committee  shall  be  appointed  by  the  Sec- 
tion Board  of  Managers  at  a  meeting  held  not  later  than  March  ist 
of  each  year.  The  appointment  shall  be  reported  to  the  General 
Secretary.  This  committee  shall  consist  of  five  members  of  whom 
at  least  two  shall  be  past  officers  of  the  section  or  members  of  the 
Council. 

Not  later  than  March  15th  of  each  year,  the  General  Secretary 
shall  notify  the  chairman  of  the  committee  that  it  is  the  committee's 
duty  to  prepare  a  nomination  ticket  containing  the  names  of  those 
whom  they  deem  best  suited  for  the  section  offices  to  be  filled  at 
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the  ensuing  annual  election.     The  report  of  the  committee  shall  be 
prepared  in  duplicate,  one  copy  shall  be  submitted  to  the  Chairman 
of  the  section  and  the  other  copy  shall  be  delivered  to  the  General 
Secretary  not  later  than  April  25th.       The  ticket  thus  prepared  by 
the  Committee  on  Nomination  shall  be  printed  and  forwarded  to  all 
section  members   not   later   than   May   5th,   in  connection   with   the 
ballots    for   election   of    general   officers.     The    election   of    section 
officers  in  other  respects  shall  be  carried  out  in  a  manner  similar 
to  that  prescribed  for  the  election  of  general  officers,  save  that  a 
copy  of  the  report  of  the  Committee  of  Tellers  on  the  results  of 
the   section   election   shall  be  mailed  as   soon   as  prepared,  to  the 
Chairman  of  the  Section  and  to  the  Chairman-elect.     A  vacancy  in 
the  office  of  Chairman,  Secretary  or  Manager  shall  be  filled  by  the 
Section  Board  of  Managers. 
Section  4:     The  business  of  a  section  shall  be  conducted  by  a 
Board  of  Managers,  which  shall  consist  of  the  Vice-President  of 
the  Society  representing  the  locaHty  of  the  section,  and  the  Chair- 
man, Managers  and  Secretary  of  the  section. 

Section  5:  The  Section  Board  of  Managers  shall  annually,  at 
the  first  meeting  of  the  Society  year,  appoint  a  Board  of  Exami- 
ners to  pass  upon  applications  for  membership. 

(d)  Sec.  5:    The  Board  of  Examiners  of  a  section  shall  consist 
of  the  Chairman,  the  Secretary  and  one  Manager  of  the  section. 

Section  6:  A  section  may  formulate  by-laws  for  its  conduct, 
which  shall  conform  with  the  Constitution  and  By-laws  of  the 
Society  and  with  the  policy  of  the  Society  as  fixed  by  the  Council. 
Upon  approval  by  the  Council,  proposed  By-laws  may  be  adopted 
by  a  two-thirds  vote  at  a  regular  or  special  meeting  of  the  section ; 
notification  of  such  meeting,  together  with  a  copy  of  the  proposed 
by-laws  shall  be  sent  to  all  members  of  the  section  at  least  ten 
days  prior  to  the  date  fixed  for  its  holding. 

Section  7:  Any  proposed  action  of  a  section  not  relating  to 
the  holding  of  meetings  and  the  discussion  of  papers  shall  be 
submitted  to  the  Council  of  the  Society  for  approval  prior  to 
being  put  into  execution. 

Section  8:  The  expenses  of  sections  incurred  for  postal  card 
notices  of  meetings  shall  be  paid  from  the  general  fund  of  the 
Society.  In  cases  where  there  is  no  desirable  auditorium  avail- 
able free  of  charge,  the  Council  shall  authorize  the  rental  of  a 
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hall,  the  expense  to  be  payable  from  the  general  fund  of  the 
Society.  Other  expenses  than  these  to  be  payable  from  the  gen- 
eral fund  of  the  Society  must  first  be  authorized  by  the  Council 
of  the  Society. 

(e)  Sec.  8:  As  early  as  possible  in  the  fiscal  year  the  Secretary 
of  each  section  shall  submit  to  the  Committee  on  Finance  a  budget 
of  section  expenses  for  the  year. 

(f)  Sec.  8:  The  Treasurer  may  deposit  with  the  Secretaries 
of  sections  a  sum  of  money,  the  amount  to  be  fixed  by  the  Council, 
to  provide  for  current  expenses. 

(g)  Sec.  8:  The  General  Secretary  of  the  Society  shall  supply 
to  each  section  all  stationery  and  printing,  aside  from  postal  card 
notices,  necessary  for  the  conduct  of  its  business. 

Section  9:  A  Section  Board  of  Managers  may  authorize,  and 
shall  provide  for  the  payment  by  local  assessment  of,  any  expenses 
of  a  section  beyond  those  authorized  to  be  paid  from  the  general 
fund  of  the  Society. 

Section  10:  Papers  shall  be  approved  by  the  Section  Board 
of  Managers  prior  to  presentation  before  a  section.  Manuscript 
of  papers  approved  should  be  forwarded  to  the  Committee  on 
Papers  sufficiently  in  advance  of  date  of  presentation  to  enable 
advance  copies,  if  a  paper  be  approved  by  that  committee  for 
general  presentation,  to  be  printed  and  sent  to  all  sections  for 
distribution  prior  to  presentation  before  the  sections. 

Section  11:  Reports  of  discussions  shall  be  forwarded 
promptly  to  the  General  Secretary  who  shall  mail  them  at  once 
to  members  for  revision. 

(h)  Sec.  II  :  The  Secretary  of  each  section  shall  forward  to 
the  General  Secretary  not  later  than  five  days  after  a  meeting  of 
a  section,  a  statement  of  the  attendance  and  of  the  business  trans- 
acted, for  publication  in  the  Transactions. 

(i)  Sec.  11 :  The  Secretaries  of  sections  shall  send  monthly  to 
the  General  Secretary,  not  later  than  five  days  after  a  meeting  of 
ceding  month. 

Section  12:  Should  the  membership  of  a  section  fall  below 
50,  or  the  average  attendance  at  meetings  not  warrant  the  expense 
of  maintaining  the  organization,  the  Council  may  cancel  its 
authorization. 
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Section  13:  Sections  shall  abide  by  the  Constitution  and  By- 
laws of  the  Society  and  conform  to  the  regulations  of  the  Coun- 
cil. The  conduct  of  sections  shall  always  be  in  conformity  with 
the  general  policy  of  the  Society  as  fixed  by  the  Council. 

ARTICLE  X. 

LOCAIv  REPRESENTATIVES  AND  LOCAI,  CHAPTERS. 

Section  1:  When  authorized  by  the  Council,  the  President 
shall  appoint,  subject  to  the  approval  of  the  Council,  local  repre- 
sentatives, or  local  representative  committees,  resident  in  cities  or 
localities  where  it  may  be  deemed  desirable  to  provide  represen- 
tation with  a  view  to  promoting  the  work  of  the  Society. 

(a)  Sec.  I :  Local  representatives  shall  communicate  to  the 
General  Secretary  information  concerning  local  developments  in 
which  the  Society  may  be  concerned ;  shall  endeavor  to  promote 
occasional  meetings  under  the  joint  auspices  of  the  Illuminating 
Engineering  Society  and  local  organizations  with  a  view  to  foster- 
ing interest  in  the  work  of  the  Society ;  and  shall  in  any  other 
manner  which  may  commend  itself  seek  to  develop  local  knowledge 
concerning  the  objects  of  the  Society  and  to  advise  the  General 
Secretary  when  opportunities  arise  for  the  Society  to  promote  its 
objects. 

(b)  Sec.  I :  Local  representatives  may  obtain  Society  stationery 
upon  application  to  the  General  Office.  Local  representatives'  ex- 
penses for  the  correspondence  may  be  billed  to  the  Society. 

Section  2:  Upon  petition  of  ten  or  more  members  of  the 
Society,  resident  in  any  city  or  locality,  or  associated  with  any 
college  as  teachers  or  students,  the  Council  may  authorize  the 
formation  of  a  chapter  to  meet,  receive  papers  and  discussions. 
Such  chapter  may  elect  necessary  officers  and  shall  report  all 
business  and  other  activities  promptly  to  Council. 

A  chapter  may  raise  funds  for  operation  by  assessment  among 
its  members,  and  non-member  affiliates,  but  may  not  incur  any 
obligation  against  the  general  funds  of  the  Society  or  otherwise 
in  the  Society's  name,  without  the  specific  authorization  of  the 
Council. 

By-laws  in  harmony  with  this  Constitution  and  acceptable  to 
the  Council,  may  be  adopted  by  a  chapter,  and  unless  so  authorized 
any  proposed  action  of  a  chapter,  not  relating  to  the  holding  of 
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meetings  and   discussion  of  papers,   shall   be   submitted   to   the 
Council  for  approval  prior  to  bein^  put  into  execution. 

(c)  Sec.  2:  I'pon  petition  for  the  authorization  of  a  local 
chapter  of  the  Society,  the  Council  may  accord  such  authorization 
if  the  necessary  membership  exists  within  the  city  or  locality  speci- 
fied in  the  petition. 

(d)  Sec.  2:  The  member  of  the  local  chapter  appointed  to  act 
as  Secretary,  shall,  not  later  than  five  days  after  a  meeting  of  the 
chapter,  send  to  the  General  Secretary  a  statement  of  the  attendance 
and  of  the  business  transacted,  for  publication  in  the  Transactions. 

(e)  Sec.  2:  The  duties  of  local  representatives,  as  outlined  in 
By-law  (a)  Sec.  i,  shall  devolve  upon  the  managements  of  the  local 
chapters. 

ARTICLE  XL 

GENERAL. 

Section  1:  The  fiscal  year  of  the  Society  shall  be  October  1st 
to  September  30th. 

Section  2:  A  quorum  of  the  Society  shall  consist  in  number 
of  one-tenth  of  the  total  number  of  members  as  listed  in  the 
Society's  records  at  the  close  of  the  last  fiscal  year. 

ARTICLE  XII. 

AMENDMENTS  AND  BY-LAWS. 

Section  1 :  Proposals  to  amend  this  Constitution  shall  be  made 
in  writing  to  the  Council  and  signed  by  at  least  100  members 
and  shall  reach  the  general  Secretary  not  later  than  April  ist. 
The  Council  shall  consider  such  proposals  and  direct  the  General 
Secretary  to  send  out  a  letter-ballot  on  their  adoption.  Votes  to 
be  considered  shall  be  received  not  later  than  May  26th,  and  shall 
be  referred  unopened  to  the  Committee  of  Tellers  who  shall  count 
such  votes  and  make  a  sealed  report,  which  shall  be  presented 
to  the  Council  and  announced  by  a  publication  in  the  Transac- 
tions of  the  Society.  An  affirmative  vote  of  two-thirds  of  the 
entire  vote  cast  by  qualified  members  of  the  Society  shall  be 
necessary  to  secure  the  adoption  of  an  amendment.  Unless  other- 
wise provided  in  the  proposal,  an  amendment  shall  take  effect 
October  ist  following  its  adoption. 
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Section  2:  By-laws  in  interpretation  of  the  spirit  and  letter 
of  this  Constitution  and  for  its  execution  may  be  adopted  by  -.i 
majority  vote  of  the  entire  Council.  Votes  on  By-laws  shall  be 
by  letter-ballot.  Each  by-law  proposed  or  adopted  shall  state 
the  article  and  section  of  article  of  the  Constitution  to  which  it 
relates. 

(a)  Sec.  2:  A  proposed  by-law  shall  not  be  submitted  for  letter- 
ballot  until  approved  at  a  meeting  of  the  Council  or  Executive 
Committe.  The  letter-ballot  shall  be  conducted  by  the  General 
Secretary,  who  shall  send  a  copy  of  the  proposed  by-law  to  each 
member  of  the  Council  at  least  ten  days  before  the  Council  meet- 
ing at  which  the  result  of  the  letter-ballot  will  be  reported.  A  pro- 
posed by-law  shall  become  effective  upon  the  receipt  by  the  Council 
of  a  report  showing  a  concurring  vote  of  a  majority  of  the  entire 
Council. 
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INTERIOR  LIGHTING  OF  BUSSES* 


BY  h.  C.  PORTER  AND  R.  W.  JORDAN 


Several  years  ago,  the  increasing  cost  of  labor  and  materials 
so  affected  the  street  railway  companies  that  they  became  unable 
to  extend  their  lines  and  still  show  a  dividend  at  the  end  of  the 
year.  In  time,  the  operating  costs  increased  to  such  an  extent 
that  some  companies  were  put  to  considerable  embarrassment  to 
continue  the  operation  of  existing  lines.  This  was  especially  true 
in  some  of  the  smaller  cities,  and  it  became  necessar}%  eventually, 
for  the  street  railroads  to  raise  their  fares  from  five  cents  to  six 
cents,  and  even  more.  Of  course,  a  hue  and  cry  was  immediately 
raised  by  the  public,  who  realizing  that  their  pocketbooks  were 
touched,  and  not  understanding  why  such  increases  in  fare  were 
necessary,  considered  it  a  case  of  a  large  monopoly  trying  to  gouge 
them.  It  was  this  peculiar  twist  of  the  public  mind  in  refusing 
to  believe  that  a  fare  of  more  than  a  nickel  was  just  that  gave  rise 
to  the  "jitney  bus." 

The  omnibus  was  peculiarly  adapted  to  entering  the  trans- 
portation field  at  the  time  when  public  opinion  was  against  the 
street  railway  companies.  The  cost  of  transforming  an  old  truck, 
or  automobile,  into  a  passenger  carrying  vehicle,  was  extremely 
low ;  in  fact,  it  could  be  done  by  the  average  man,  with  the  use  of 
a  little  ingenuity,  and  some  old  parts  obtained  from  an  auto  junk 
dealer. 

Moreover,  the  'bus  had  some  advantages,  which  no  street  car 
could  outdo.  The  most  important  of  these,  and  the  one  which 
has  made  the  bus  what  it  is  to-day,  is  its  extreme  flexibility.  It  is 
an  independent  vehicle,  requires  no  rails  or  poles,  and  will  run  on 
any  road. 

•  .■V  paper  read  before  the  New  York  section  of  tlie  Illuiniiiatiiig  Engineering  Soc. 
iely,  March   lo,  1921. 
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An  unusual  blockade,  such  as  a  fire,  does  not  tie  up  the  service, 
but  simply  causes  a  detour.  This  flexibility,  together  with  the  ad- 
vantage of  being  able  to  change  from  an  unprofitable  to  a  profit- 
able route  at  will,  has  been  the  foundation  of  the  numerous  bus 
lines  now  in  operation. 

As  long  ago  as  1898,  the  Mack  Company,  now  the  Inter- 
national Motors  Company,  built  a  bus  for  sightseeing  use  in 
Prospect  Park,  Brooklyn.  In  the  intervening  years,  many  busses 
were  built  for  sightseeing  purposes,  and  to  carry  hotel  guests  to 
and  from  railway  stations;  but  with  the  exception  of  the  Fifth 
Avenue  busses,  none  appeared  which  could  be  classed  as  "common 
carriers"  until  the  war  period  caused  an  increase  in  street  railway 
fares. 

The  first  "jitneys"  were  simply  ordinary  touring  cars  fitted  up 
to  carry  extra  passengers,  although  occasionally  a  light  truck  with 
seats  arranged  along  the  sides  would  make  its  appearance.  These 
first  adventures  into  the  transportation  field  found  the  public 
willing  to  accept  any  kind  of  service,  and  practically  no  comforts, 
if  only  it  were  possible  to  "put  something  over  on  the  street  car 
company"  and  pay  only  a  nickel  fare. 

As  a  result,  the  first  jitney  owners  literally  coined  money,  and 
caused  more  men  to  enter  the  business. 

As  competition  between  jitney  owners  became  greater,  the 
service  and  type  of  equipment  began  to  improve.  The  ordinary 
touring  car  with  a  special  body,  was  gradually  replaced  by  a 
special  enclosed  body  placed  on  a  light  truck.  The  first  of  these 
busses  was  a  very  crude  affair,  with  little  attention  paid  either  to 
the  physical  comfort  of  the  passenger,  or  to  the  lighting  of  the 
vehicle.  When  packed  full,  its  capacity  was  about  twenty 
persons, — half  of  whom  were  obliged  to  stand.  The  seats  were 
arranged  along  the  sides,  the  driver  having  a  separate  seat  in  the 
left  front  of  the  bus.  These  busses  usually  had  a  maximum  of 
two  lamps,  and  2-cp.  bulbs  enclosed  in  dome  fixtures  were  used. 
The  domes  were  placed  along  the  center  line  of  the  bus,  one  about 
three  feet  from  the  rear,  and  the  other  about  five  feet  from  the 
front.  When  both  lamps  were  lit,  which  was  seldom  the  case,  the 
intensity  of  lighting  was  not  sufficient  for  a  woman  to  count  the 
change  in  her  pocketbook. 
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Fig.  1.— Ceiling  lighting  units. 


Fig.  2.— Onmibu.s  for  track  .service. 


^"'g-  5— E-xterior  of  a  "Jitney  bus.' 
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The  novelty  of  traveling  in  busses  is  gradually  wearing  off, 
and  the  public  is  beginning  to  demand  a  few  comforts  as  well  as 
a  cheap  ride.  The  result  is,  that  the  tendency  for  the  past  year 
has  been  to  build  larger  and  better  busses. 

The  newer  type  of  bus  has  seats  arranged  as  in  a  street  car. 
(See  Figs.  5  and  6)  It  has  a  seating  capacity  of  about  thirty 
passengers,  and  can  carry  forty  passengers  easily.  The  seats  are 
comfortable  and  well  upholstered,  and  the  lighting  intensity  has 
been  increased.  These  latter  busses  are  in  a  large  part  owned  by 
companies  engaged  in  operating  bus  lines,  and  not  by  the 
independent  owners.  When  busses  are  operated  on  a  business 
basis  by  competent  companies,  the  increase  in  lighting  intensity 
is  marked. 

That  busses  are  here  to  stay  must  be  conceded.  Perhaps  the 
independent  owner,  and  the  so-called  "jitney"  bus  will  disappear, 
but  the  number  of  busses  operated  by  competent  companies,  and 
running  on  regular  schedules,  will  increase. 

Efforts  were  made  by  the  authors  to  ascertain  how  many 
busses  are  in  use  to-day  but  no  complete  and  accurate  data  seem 
to  be  available.  Many  of  the  chassis  manufactured  by  the  various 
truck  companies  are  fitted  with  bus  bodies  after  leaving  the 
factory,  and  often  trucks  in  other  service  are  converted  into 
busses.  However,  it  is  known  that  there  are  600  different  bus 
lines  in  operation  in  California,  averaging  between  5  and  6 
busses  per  line,  and  observation  in  any  of  our  large  cities  shows 
that  the  total  number  of  busses  in  the  country  must  be  large  and 
rapidly  increasing. 

It  will  not  be  surprising  if  the  street  railway  companies 
commence  to  use  busses  as  feeders  to  existing  trolley  lines,  as  ex- 
tentions  into  new  territory  and  as  aids  to  the  trolley  car  during  the 
rush  hours. 

Busses  are  also  being  built  to  run  on  tracks.  As  shown  in 
Fig.  2  these  railway  busses  are  very  pretentious  affairs.  The 
main  use  for  them  is  to  take  the  place  of  steam  cars  on  the  short 
railroads  so  common  in  the  Southern  States.  Unfortunately  we 
have  no  lighting  data  on  these  busses,  but  do  know  that  ten,  fifteen 
candlepower  lamps  are  used  in  reflector  equipment.  It  would  ap- 
pear that  the  interior  of  the  bus  is  fairly  well  illuminated. 
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Busses  used  for  traffic  such  as  just  mentioned,  must  have 
Hghting  that  can  be  favorably  compared  with  that  in  a  street  car ; 
that  is,  the  intensity  on  the  reading  plane  must  be  sufficiently  high 
to  read  newsprint  comfortably.  To  do  this,  and  still  keep  the 
load  on  the  generator  and  storage  battery  within  practical  limits, 
is  the  problem  before  us. 

In  many  respects  the  lighting  problem  in  a  bus  is  comparable 
to  that  in  a  street  car.  The  general  seating  arrangement  and  pro- 
portions of  length  to  width  are  similar.  The  same  necessity  for 
good  lighting  exists ;  such,  for  example,  as  safety  and  comfort  of 
passengers,  advertising  value  to  the  operating  company,  etc.  In 
street  car  service  the  public  has  demanded  good  ventilation,  proper 
heating,  comfortable  seats,  and  good  lighting.  In  many  cases 
these  demands  have  been  enforced  by  public  service  commissions 
and  it  is  reasonable  to  suppose  that  they  will  sooner  or  later  extend 
their  authority  to  busses.  It  is  desirable  for  the  operating  com- 
panies themselves  to  take  the  initiative  along  these  lines,  thus 
securing  the  approval  and  good  will  rather  than  the  animosity  of 
the  public. 

Some  notice  of  bus  lighting  has  been  taken  by  various  legis- 
lative bodies,  but  the  requirements  are  couched  in  very  vague 
terms  as  a  rule.  The  state  of  California,  for  example,  requires 
a  bus  to  have  "an  interior  light."  The  city  of  Paterson,  N.  J., 
requires  a  bus  to  be  "properly  lighted"  neglecting  to  specify  what 
definition  to  give  to  the  term  "properly  lighted."  Elizabeth, 
N.  J.,  requires  busses  having  a  passenger  carrying  capacity  of 
about  20  to  have  three  interior  dome  lamps  and  larger  busses  to 
have  five.  As  a  rule,  through  lack  of  authoritative  information, 
the  public  service  commission  have  left  lighting  requirements 
more  or  less  alone. 

There  are  two  fundimental  differences  in  the  actual  Hghting 
problems  as  presented  by  a  street  car  and  a  bus.  In  the  bus  the 
head  room  is  very  low,  about  six  feet  in  the  average  bus,  and,  the 
source  of  power,  being  a  storage  battery  or  battery  and  generator, 
is  limited  in  bus  service.  Outside  of  these  differences  it  is  de- 
sirable in  a  bus  as  well  as  in  a  trolley  car  to  have  lighting  which 
gives  an  intensity  sufficient  for  reading,  light  sources  so  located 
and  screened  as  not  to  cause  eye  strain  to  either  seated  or  standing 
passengers,  and  intensity  and  direction  of  light  such  as  to  be  free 
from  glare  and  sharp  shadows. 
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A  large  amount  of  study  and  experiment  has  been  put  on  street 
car  lightint:^.  In  the  problem  of  lighting  busses  the  results  of  this 
work  can  be  used  to  good  advantage. 

Before  attempting  to  develop  a  new  system  of  bus  lighting 
the  authors  decided  to  make  a  survey  of  the  various  systems  of 
lighting  now  in  use.  They  visited  various  cities  in  the  East,  in- 
cluding Boston,  Hartford,  New  Haven,  Bridgeport,  Philadelphia, 
W^ashington,  Cleveland,  Albany,  and  the  towns  and  cities  sur- 
rounding New  York  City  and  Newark,  N.  J. 

The  general  practice  was  found  to  be  to  place  either  two 
lighting  units  in  the  body  of  the  bus,  located  on  the  center  line  of 
the  ceiling,  or  four  units  located  two  on  each  side  of  the  ceiling. 
In  either  case,  2-cp.  lamps  were  found  to  be  in  general  use, 
although  some  busses  were  found  equipped  with  4-cp.  lamps. 
The  lighting  units  were  shallow  domes,  fitted  with  either  clear, 
frosted,  or  prismatic  glass. 

Having  found  the  types  of  busses  in  various  cities  to  be  very 
similar,  the  use  was  secured  of  a  representative  bus,  (Fig.  3) 
and  most  of  the  photometric  tests  were  made  in  that  bus  at 
Harrison,  N.  J.  It  was  felt  that  more  accurate  data  could  be 
obtained  in  this  way  than  by  taking  tests  in  various  cities. 

In  making  the  tests  use  was  made  of  a  type  of  dome  which 
had  a  base  about  five  inches  in  diameter,  as  shown  in  Fig.  7. 
Three  different  types  of  glass  w-ere  used  in  these  domes.  The 
domes  are  large  enough  to  accomodate  an  S-ii  bulb  lamp.  This 
size  bulb  enables  the  use  of  as  high  as  21-cp.  filaments  which  are 
ample  for  bus  lighting.  As  may  be  seen  from  the  diagram,  the 
body  of  the  dome  is  a  metal  stamping.  The  glass  in  one  case  is 
a  shallow  bowl  of  either  clear  or  frosted  glass,  and  in  the  other, 
a  prismatic  hemisphere. 

Tests  were  made  using  various  numbers  of  domes  in  the  bus. 
The  arrangement  of  the  domes  was  such  as  to  conform  to  standard 
practice.  The  diagrams  show  the  positions  of  the  domes  in  the 
ceiling  of  the  bus.  In  the  diagram  (Fig.  9)  the  heavy  lines  give  the 
outline  of  the  ceiling;  the  dotted  lines  show  the  position  of  the 
seats  and  steps.  The  lighting  units  are  indicated  by  the  small 
circles  spaced  along  the  center  line,  and  the  stations  at  which 
photometric   readings   were   taken   are   shown   by   cross  marks. 
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Observations  were  made  on  the  reading  plane  which  in  this  case 
was  taken  as  40  in.  from  the  floor  of  the  bus.  The  distance  from 
a  station  to  the  side  of  the  bus  was  in  each  case  1.5  ft.  The 
spacing  of  the  stations,  30  in.  apart,  was  taken  for  convenience  in 
making  the  tests,  each  station  being  directly  opposite  the  center  of 
a  window.  All  diagrams  are  drawn  to  scale.  The  interior  of 
the  bus  was  dark  brown  and  varnished. 

The  two  dome  arrangement  shares  honors  in  popularity  with 
the  four  dome  arrangement.  Using  two  lamps  of  2-cp.  each  the 
load  on  the  battery  is  less  than  one  ampere  for  the  interior  light- 
ing.    This  fact  undoubtedly  influenced  the  early  builders  to  use 


u 


Figs.  7  and  8.— Dome  lighting  unit. 

only  two  domes.  As  light  is  a  good  merchandising  agent  the  four- 
dome  arrangement  has  become  very  popular  for  obvious  reasons. 

In  a  number  of  busses  use  is  made  of  three  domes  along  the 
center  line.  The  busses  in  Elizabeth,  N.  J.,  are  obliged  by  law  to  do 
this,  and,  to  test  out  thoroughly  the  possibilities  of  this  arrange- 
ment, we  decided  to  incorporate  it  in  our  tests.  For  the  same 
reason  and  because  of  the  increased  number  of  units,  a  test  was 
also  made  using  five  units. 

The  first  set  of  tests  were  made  with  the  idea  of  determining 
the  amount  of  illumination  secured  from  the  installations  as  used 
at  present  with  lamps  of  2-cp.  and  4-cp. 
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With  the  two  lamp  installation  using  clear  glass  domes,  the 
average  intensity  on  the  reading  plane  with  2-cp.  lamps  was  0.162 
ft.c.  With  4-cp.  lanii)s  the  average  intensity  was  0.43  ft.c.  Using 
frosted  glass  domes  in  this  arrangement,  the  average  intensity  was 
reduced  to  0.112  and  0.313  ft-c.  respectively.  When  prismatic 
domes  were  used  the  average  intensity  on  the  reading  plane  was 
0.41  with  4-cp.  lamps. 

It  may  be  plainly  seen  that  with  two  domes  and  2-cp.  or  4-cp. 
lamps  such  as  most  busses  of  this  type  use,  the  illumination  is  no- 
where near  sufficient.  The  highest  intensity  recorded  being  only 
0.615  ft-c.  with  4-cp.  lamps  and  clear  glass. 


BUS  LIGHTED  BY  TWO  DOMES 


BUS  LIGHTED  BY  THREE  DOMES 
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BUS  UGHTED  BY  FOUR  DOMES 


BUS  LIGHTED  BY  FIVE  DOMES 


Figs.  9  to  12. — L,ighting  test  statious. 


Three  domes  were  now  placed  in  the  ceiling  along  the  center 
line  as  shown  in  Fig.  10.  When  2-cp.  lamps  were  used  with 
clear  glass  domes  the  resultant  average  illumination  was  0.347 
ft-c.  With  4-cp.  lamps  this  was  increased  to  0.654  ft-c.  Domes 
with  frosted  glass  were  substituted  and  the  average  intensity  was 
cut  down  to  0.187  ft-c.  with  2-cp.  lamps  and  0.458  ft-c.  with  4-cp. 
lamps.  The  highest  intensity  recorded  was  0.89  ft-c.  at  station  8, 
with  4-cp.  lamps  and  clear  glass  in  the  dome.  The  three-dome 
installation  has  the  advantage  of  giving  a  very  even  distribution 
throughout  the  bus,  but  with  lamps  of  such  low  candle  power,  the 
intensity  of  illumination  is  not  sufficient  for  reading  purposes. 
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Referring  to  the  next  diagram  Fig.  11,  the  arrangement  of 
the  four-dome  installation  which  was  used  may  be  seen.  Four 
domes  with  2-cp.  lamps  gave  an  average  intensity  of  0.403  ft-c. 
with  clear  glass  and  0.223  ft-c.  with  frosted  glass.  Replacing  the 
2-cp.  lamps  with  4-cp.  lamps  increased  the  intensity  to  0.803  ft-c. 
with  clear  glass  in  the  domes  and  to  0.513  ft-c.  with  frosted  glass. 
Prismatic  domes  of  the  type  previously  shown  were  placed  in  the 
bus,  and  an  average  intensity  of  0.56  resulted  when  4-cp.  lamps 
were  used. 

In  this  installation  several  improvements  were  noted.  Chief 
among  these  was  the  improvement  in  distribution,  the  intensity  of 
light  being  very  evenly  distributed.  A  second  improvement  had 
to  do  with  the  placing  of  the  units.  They  were  on  the  side  of  the 
bus  which  had  this  advantage.  If  the  bus  is  crowded  with  stand- 
ing passengers,  two  units  on  each  side  will  be  giving  light  on 
magazines  or  papers  which  seated  passengers  may  be  reading. 
With  a  center  installation  there  is  danger  of  the  units  being  nearly 
totally  eclipsed  by  tall  passengers.  A  further  advantage  is  that 
less  light  is  lost  through  the  windows  with  this  installation  than  is 
the  case  with  a  center  line  arrangement. 

One  more  installation  was  made.  This  time  five  units  were 
placed  as  shown  in  Fig.  12.  From  the  preceeding  tests  we  con- 
cluded that  the  addition  of  one  more  unit  would  not  raise  the 
average  intensity  sufficiently  high  for  a  good  reading  light,  and 
hence  only  one  size  of  lamp  was  installed.  With  4-cp.  lamps  and 
clear  glass  in  the  domes,  an  average  intensity  of  0.917  ft-c.  was 
secured.     With  the  frosted  glass  this  was  reduced  to  0.632  ft-c. 

With  this  installation  the  dark  spot  in  the  front  of  the  bus 
which  was  present  in  the  previous  tests,  was  practically  eliminated. 
Moreover,  it  was  found  that  2-cp.  or  4-cp.  bulbs  were  not  sufficient 
to  secure  illumination  to  comply  with  the  requirements  of  satis- 
factory lighting.  Reading  with  the  bus  in  motion  would  be  prac- 
tically impossible  even  with  clear  glass  domes,  which  would  in- 
troduce the  harmful  effects  of  glare.  Eliminating  glare  by  using 
frosted  glass  would  endanger  the  passengers  on  entering  or  leaving 
the  bus.  The  intensity  of  light  would  be  so  low  that  the  passenger 
would  be  subjected  to  those  painful  and  annoying  minor  accidents, 
such  as  are  occasioned  by  stumbling  over  another  passenger  or  a 
[)arccl  placed  on  the  floor,  or  gelling  stuck  in  the  eye  by  hat  pins. 
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Much  useful  information  was  obtained  from  these  tests  in 
spite  of  the  disappointment  in  iUumination. 

Analyzing  the  test  data  some  very  interesting  things  were 
found.  For  example;  the  average  loss  due  to  the  use  of  frosted 
instead  of  clear  domes,  was  33.7  per  cent. 

It  was  found  that  with  prismatic  instead  of  clear  glass  units 
located  on  the  center  line  of  the  ceiling,  there  was  but  little  loss  of 
light  on  the  reading  plane.  However,  if  the  prismatic  glass  unit 
were  placed  on  the  side  their  efficiency  was  but  slightly  better  than 
that  of  the  frosted  units. 

It  was  also  found  that  there  was  a  somewhat  different  per  cent 
increase  in  lumens  on  the  reading  plane  when  the  wattage  was  in- 
creased a  corresponding  amount  with  the  lighting  units  located  on 
the  center  line,  or  on  the  sides. 

It  was  further  found  that  it  was  more  advantageous  to  have 
the  units  placed  on  the  center  line  of  the  bus.  In  other  words,  in 
changing  from  a  three-unit  installation  on  the  center  line  to  a 
four-unit  installation  placed  on  the  sides  with  the  same  candle 
power  bulbs  used  in  the  two  cases,  an  increase  in  intensity  on  the 
reading  plane  of  only  about  20  per  cent  was  secured  for  an  in- 
crease in  wattage  of  33/^  per  cent.  Thus  from  the  standpoint  of 
efficiency  in  conserving  power  the  center  installation  is  more  satis- 
factory, but  when  so  placed  as  has  been  mentioned  before,  the 
lighting  units  would  be  shaded  by  standing  passengers  and  the 
light  would  not  be  secured  on  such  reading  material  as  seated 
passengers  might  have. 

Having  determined  what  intensities  of  light  are  being  secured 
under  present  conditions,  the  question  of  obtaining  satisfactory 
lighting  with  the  equipment  which  is  now  in  use,  was  taken  in 
hand.  The  variable  in  this  problem  is  the  candle-power  of  the 
lamp  used. 

There  are  several  limiting  factors  to  a  choice  in  candle-power. 
The  first  is  that  the  lamp  must  be  a  standard,  or  semi-standard. 
That  is,  for  the  convenience  of  the  bus  driver,  the  lamp  must  be 
one  either  carried  in  stock  by  all  auto  lamp  retailers,  or  be  one 
which  may  be  easily  obtained  by  them. 

A  second  factor  is  that  it  is  desirable  to  have  as  few  different 
types  of  lamps  as  possible  on  a  single  bus. 

The  third  and  most  important  factor  is  supply  system.     The 
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load  on  the  battery,  or  battery  and  generator,  is  the  Hmiting  factor 
in  determining  the  permissible  size  and  number  of  lamps  which 
may  be  used  in  the  interior  illumination  of  the  bus. 

At  this  point  it  would  be  well  to  ascertain  just  what  lamps 
may  be  used.  That  is,  what  is  the  maximum  number  of  lamps  of 
each  candle  power  which  may  be  installed  in  a  bus  i 

Take  a  12-16  volt  battery  and  generator  outfit  as  the  first  ex- 
ample. By  adjusting  the  generator  it  may  be  so  arranged  as  to 
generate  ten  amperes  safely.  Ten  amperes  however,  is  too  high 
a  charging  current  for  the  average  storage  battery  and  hence  a 
resistance  must  be  put  in  the  circuit  so  connected  with  the  lighting 
switch  that  when  all  the  lamps  are  lighted  the  resistance  is  cut  out 
and  the  generator  delivers  10  amp.  or  less  as  the  case  may  be. 
When  the  lighting  switch  is  opened  and  the  lamp  load  is  off,  the 
resistance  should  be  automatically  cut  in  and  the  charging  current 
to  the  storage  battery  reduced  to  3  or  4  amp.  By  proper  adjust- 
ment of  the  generator  and  resistance  the  system  may  be  so  ar- 
ranged that  with  the  lamp  load  either  on  or  off  a  charging  current 
will  be  continually  flowing  to  the  battery.  The  above  arrange- 
ment gives  the  bus  owner  enough  current  to  secure  proper  lighting 
in  his  bus.     With  a  6-8  volt  outfit  18  amp.  may  be  secured. 

In  determining  what  is  the  maximum  number  of  standard 
tungsten  filament  lamps  of  each  candlepower  which  one  can  use 
for  interior  lighting.  The  first  assumption  is  that  the  bus  is 
equipped  with  two  15-cp.  headlighting  lamps,  one  2-cp.  lamp  for 
tail  lighting  and  one  2-cp.  lamp  for  step  lighting.  The  15-cp. 
headlighting  lamps  draw  2.31  amp.  each  and  the  2-cp.  0.47  amp. 
each  for  6-8  volt  design,  and  1.09  amp.  and  0.36  amperes  respect- 
ively for  12-16  volt  design.  In  the  6-8  volt  case  there  is  a  fixed 
load  of  5.56  amp.  and  for  the  12-16  volt  systems  a  load  of  2.56 

amp. 

With  6-8  volt  system-fixed  load  of  5.56  amp. 

Candle  power  _J[yi2^_  No.  of  interior  lamps  Anips^  ToUOamp. 

12  gas  filled  7  IO-99  ^^.55 

j2  '.       "  8  12.56  18.12 

IS  vacuum  5  ^^-^S  17-41 

Ji  '.  6  (possible)  13-86  19-42 

2?  gas  filled  4  11-24  I6.80 

The  above  table  gives  the  number  of  lamps  which  can  be 
recommended  as  being  safe  loads  for  the  lighting  system.     That 
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higher  loads  may  be  carried  safely  is  known.  One  well  known 
motor  car  company  has  built  a  bus  body  which  was  equipped  with 
6  20-cp.  6-8  volt  lamps.  This  bus  has  been  in  commission  several 
months  and  no  trouble  has  been  experienced  with  the  lighting 
system. 

With  12-16  volt  system-fixed  load  2.56  amp. 

Candle-power  Type  No.  of  interior  lamps         .A.mps.  Total  amps 

12  (Not  recommended  as  it  is  a  verj-  special  lamp) 

15                        vacuum                        6                         6.54  9.10 

15                             "                                7                        7.63  10.19 

21                      gas  filled                      6                       6.96  9.52 

From  the  two  preceeding  tables  it  may  be  seen  that  the  12-16 
volt  system  adapts  itself  better  to  interior  lighting  than  does  the 
6-8  volt  system.  The  advantage  of  the  gas-filled  high-efficiency 
lamp  is  also  plainly  apparent. 

In  making  the  following  tests  we  were  careful  to  stay  within 
the  limitations  of  the  above  tables. 

Starting  as  before  with  two  units,  the  12-cp.  lamps  were  used 
in  frosted,  clear  and  prismatic  glass.  The  average  lighting  in- 
tensities were  0.78  ft-c.  for  frosted,  0.95  ft-c.  for  clear,  and  0.76 
ft-c.  for  prismatic. 

The  intensity  through  the  body  of  the  bus  averaged  i.i  ft-c. 
with  clear  glass  domes.  The  actual  average  being  brought  down 
by  the  dark  spot  in  the  front  of  the  bus. 

When  three  units  were  placed  in  the  bus,  spaced  as  previously 
shown,  the  average  intensities  were  raised  to  1.16  ft-c.  for  clear 
glass,  and  0.99  ft-c.  for  frosted  glass. 

Four  units  were  then  placed  in  the  bus.  Using  the  12-cp. 
bulbs  the  average  intensities  were  raised  to  1.44  ft-c.  with  clear 
glass,  I.I  I  ft-c.  with  frosted  glass  in  the  domes,  and  0.88  ft-c. 
with  prismatic  glass.  As  yet  there  had  been  secured  no  intensity 
sufficient  to  warrant  recommendation.  One  thing,  however, 
showed  up  very  plainly  at  this  stage,  and  that  was  the  ability  of 
the  prismatic  glass  to  direct  the  light  on  to  the  ceiling. 

When  the  units  were  spaced  along  the  center  line,  a  circle  of 
light  surrounded  the  base  of  each  prismatic  unit.  With  a  white 
enameled  ceiling,  this  characteristic  should  prove  beneficial.  As 
some  direct  light  on  the  ceiling  gives  a  cheerful  appearance  and 
much  of  this  would  be  added  to  the  light  going  directly  downward. 
This  characterist'c  proves  detrimental  in  a  varnished  bus,  which 
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has  seen  service  when  the  units  are  placed  on  the  sides.  There- 
fore, the  prismatic  glass  was  omitted  from  the  next  test  as  it  was 
decided  that  the  units  must  be  on  the  sides  of  the  bus  to  direct 
the  light  where  it  was  wanted. 

Knowing  that  with  four  15-cp.  lamps  the  load  was  nearing 
the  maximum  in  6-8  volt  range,  the  four  unit  arrangement  was 
selected  for  the  next  test. 

Using  clear  glass  domes  and  15-cp.  lamps  the  average  in- 
tensity was  2.89  ft-c.  and  with  frosted  glass  it  was  2-18  ft-c. 

With  the  clear  glass  in  the  units,  at  last  a  sufficient  amount 
of  illumination  was  secured  to  enable  a  passenger  to  read  with 
ease.. 

In  that  part  of  the  bus  occupied  by  the  passengers,  the  aver- 
age intensity  was  3.4  ft-c.  The  intensity  over  the  exit  was  about 
0.9  ft-c- — sufficiently  strong  to  prevent  stumbling,  if  care  is  used. 
However,  to  be  absolutely  safe,  a  step  lamp  should  be  installed, 
not  necessarily  over  2-cp. 

With  frosted  glass,  the  over-all  average  intensity  was  about 
2.2  ft-c.  with  an  average  in  that  part  of  the  bus  occupied  by 
passengers  of  2.6  ft-c.  This  is  about  the  maximum  which  can  be 
secured  with  a  6-8  volt  battery-generator  system  as  used  on  the 
majority  of  busses  at  present. 

In  making  the  foregoing  tests,  some  features  stood  out.  One 
was  that  when  12-cp.  lamps  were  first  installed  in  place  of  4-cp. 
lamps,  only  a  very  slight  increase  in  illumination  resulted.  This 
was  due  to  the  fact  that  the  older  type  of  busses  are  wired  with 
bell  wire  of  about  No.  18  size,  which  does  not  have  sufficient 
carrying  capacity  to  allow  the  use  of  12-cp.  lamps.  The  drop  was 
such  that  the  lamps  were  operating  at  from  3  to  4  volts.  It  is, 
therefore,  important — particularly  in  new  busses, — to  see  that  the 
wiring  is  of  sufficient  size  to  carry  the  load  with  little  voltage 
drop. 

With  the  four-unit  prismatic  glass  installation  with  12-cp. 
bulbs,  a  total  of  21.1  lumens  fell  on  the  windows  and  undoubtedly 
most  of  this  light  was  lost  as  far  as  the  interior  illumination  of  the 
bus  was  concerned.  The  units  were  then  spaced  along  the  center 
line  at  equal  distances  from  each  other  so  that  the  units  at  either 
end  were  exactly  o[)j)Osite  the  places  occupied  by  the  units  when 
placed  two  on  each  side  of  the  bus.     With  this  installation  31.3 
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lumens  fell  on  the  windows.  This  proved  that  when  shallow 
domes  were  used  the  side  arrangement  gave  a  better  general 
illumination  in  the  bus  than  when  the  center  arrangement  of  units 
was  used.  Most  of  all  it  showed  that  some  means  of  controlling 
the  light  distribution  is  necessary. 

From  the  dome  tests  it  seems  evident  that  the  only  practical 
way  to  improve  the  lighting  without  changing  the  equipment  is  to 
use  lamps  of  higher  candle  power.  In  many  cases  this  will 
necessitate  rewiring  as  the  sizes  of  the  wire  in  common  use  are 
insufficient  to  carry  an  increased  load. 

If  the  bus  is  to  be  rewired  some  advantage  can  be  gained  by 
placing  the  domes  in  the  center  of  the  bus  rather  than  on  the  sides 
as  regards  efficiency  of  operation  and  simplicity  of  wiring.  This 
is  overbalanced  by  the  fact  that  head  room  must  be  considered  and 
that  the  standing  passengers  will  obstruct  the  light  from  the  seated 
passengers  who  may  be  reading.  From  data  available  on  street 
car  lighting  it  is  known  that  an  increase  in  intensity  on  the 
reading  plane  may  be  secured  by  painting  the  ceiling  white.  This 
would  apply  equally  well  to  bus  lighting  for  not  only  will  the  in- 
tensity on  the  reading  planes  be  raised,  but  also  glare  would  be 
decreased  by  reducing  the  contrast  between  the  lighting  unit  and 
its  background.  It  would  be  advisable  to  use  white  enamel  paint 
as  it  is  more  easily  cleaned  than  a  mat  surface.  Therefore,  for 
a  bus  of  the  type  used  in  these  tests  the  best  that  can  be  employed, 
if  domes  are  to  be  used,  would  be  four  21-cp.  lamps  in  frosted 
glass  domes,  which  however  w^ill  still  produce  insufficient 
illumination. 

Having  determined  the  most  practical  improvement  that  may 
be  made  in  lighting  by  using  the  present  equipment,  the  conclusion 
was  reached  that  dome  lighting  was  very  inefficient.  A  search 
was  therefore  made,  for  reflectors  which  would  satisfy  the  re- 
quirements of  bus  lighting,  namely,  the  reflectors  must  be  made 
sturdy  to  withstand  the  shock  and  jar  of  rough  roads  and  stiflF 
truck  springs,  and  to  resist  the  shock  of  a  passenger  grabbing  or 
knocking  against  them;  they  must  produce  the  proper  light  dis- 
tribution. 

The  candle-power  distribution  curve  necessary  for  scientific 
lighting  naturally  depends  on  the  size  of  the  bus.     At  this  point 
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it  may  be  said  that  for  the  average  latest  type  bus,  with  units  on 
the  side,  a  "6o-degree"  distribution  curve  would  confine  the 
majority  of  the  light  to  the  interior  of  the  bus  and  allow  very  little 
to  escape  through  the  windows.  A  third  point  to  be  taken  into 
consideration  is  that  the  reflectors  should  be  shallow  to  allow  for 
headroom  which  is  limited  even  in  the  latest  type  of  bus.  The 
fourth  point  is  that  a  satisfactory  pendant  must  be  secured.  This 
pendant  must  be  sturdy,  it  must  hold  the  reflector  securely  locked 
in  place,  and  must  have  a  short  overall  length,  A  lighting  unit 
should  fulfill  all  the  foregoing  requirements  to  be  satisfactory  for 
bus  service. 

For  purposes  of  comparison  various  lighting  units  were  in- 
stalled in  the  small  bus  used  in  the  previous  tests.  The  first  unit 
was  a  light  opal,  6-in.  by  3-in.  reflector,  with  a  suitable  pendant. 


U— 2}Dfam,-J 
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Fig.  13.— Ivighting  unit  equipped  with  reflector. 

The  total  overdl  length  was  slightly  under  4  in.  The  candle- 
power  distribution  curve  was  approximately  "60-degree,"  which 
makes  it  very  satisfactory  for  center  deck  lighting  in  this  case. 
The  glass  itself  is  of  rather  light  weight  for  bus  service. 

Three  units  were  installed  on  the  center  line  of  the  ceiling  in 
the  same  positions  as  previously  occupied  by  the  domes.  The  in- 
tensity of  light  secured  with  12-cp.  lamps  was  sufficiently  high  to 
justify  the  assumption  that  the  addition  of  the  reflector  equipment 
would  represent  a  great  improvement.  The  average  intensity  on 
the  reading  plane  was  found  to  be  1.81  ft-c.  This  is  a  57  per  cent 
increase  over  the  clear  glass  domes  arranged  in  a  similar  manner 
and  equipped  with  the  same  12-cp.  lamps.  When  15-cp.  lamps 
were  placed  in  the  reflectors  the  average  intensity  was  raised  to 
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3.39  ft-c.  This  arrangement  produces  sufficient  light  throughout 
the  bus  for  reading  purposes,  and  eliminates  the  dark  spot  in  the 
front  of  the  bus  vvitliout  illuminating  the  windshield  to  a  high  in- 
tensity.    (See  Fig,  13). 

One  of  the  reflectors  was  removed  and  the  remaining  two 
units  were  arranged  to  conform  in  spacing  with  the  dome  test  and 
2i-cp.  lamps  were  inserted.  The  average  intensity  of  light  on  the 
reading  plane  with  this  arrangement  was  3.87  ft-c.  The  light 
was  not  evenly  distributed  but  the  efficiency  of  the  reflectors  as 
compared  to  dome  units  was  clearly  demonstrated. 

Four  reflectors  were  now  installed  as  before,  two  on  a  side, 
with  a  tilt  inward  of  about  5°.  With  12-cp.  lamps  an  average 
intensity  of  2.09  ft-c.  was  obtained,  and  with  15-cp.  lamps  this  was 
increased  to  4.37  ft-c.  The  large  increase  in  light  (109  per  cent) 
occuring  when  15-cp.  lamps  were  used  was  undoubtedly  due  to  the 
change  in  bulb  size  from  G-8  to  S-ii  and  from  a  very  con- 
centrated filament  to  one  which  was  comparatively  large. 

A  comparison  of  the  results  obtained  in  the  above  tests  is 
very  interesting.  The  units  having  a  distribution  curve  suited  to 
center  deck  lighting  give  very  satisfactory  results  when  thus 
placed,  but  when  placed  on  the  side  where  they  do  not  interfere 
with  the  headroom  the  efficiency  is  lowered.  Thus  in  increasing 
the  number  of  units  by  one  third  the  intensity  was  increased  by 
one  sixth  with  12-cp.  lamps.  However  by  tilting  the  reflectors 
about  5°  when  in  the  side  positions  and  using  15-cp.  lamps  which 
are  more  suitable  to  this  reflector  there  is  no  loss  in  efficiency. 

In  increasing  the  candle-power  in  the  3-unit  arrangement 
from  12  to  15  the  consumption  was  increased  47  per  cent  and  the 
intensity  87  per  cent. 

By  using  three  15-cp,  lamps  in  the  center  as  compared  to 
four  12-cp.  lamps  on  the  side,  the  current  consumption  is  6.9  as 
compared  with  6.3  amp.  The  center  arrangement  gives  a  satis- 
factory illumination  of  3.39  ft-c.  average  intensity  and  the  other 
arrangement  gives  only  2.1  ft-c.  which  is  unsatisfactory,  thus 
indicating  the  necessity  of  using  properly  designed  reflectors  for 
this  type  of  lighting.  From  the  standpoint  of  efficiency  the  center 
deck  lighting  system  is  desirable  from  the  point  of  view  of  power 
consumption  required,  number  of  units  necessary,  and  the  sim- 
plicity of  installation  of  wiring  and  maintenance  including  clean- 
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ing,  etc.  The  one  bad  feature  is  the  lack  of  adequate  headroom, 
but  it  may  be  possible  to  sink  the  unit  partially  in  the  roof  of  the 
bus  and  use  the  aperture  both  as  a  part  of  the  lighting  system  and 
as  a  ventilator. 

It  is  doubtful  however  if  economy  in  installation  expense  of 
the  center  deck  system  would  offset  the  disadvantage  of  the 
shadows  thrown  by  standing  passengers.  If  busses  were  built 
with  ceilings  comparable  in  height  with  those  on  trolley  cars,  the 
center  deck  system  would  unquestionably  be  best. 

The  next  tests  were  made  with  a  four-unit  installation  using 
prismatic  reflectors.  The  reflectors  have  a  1.5-in.  fitter  and  are 
satin  finish  on  the  inside.  These  reflectors  have  been  installed  in 
several  busses  of  the  latest  type.  With  15-cp.  lamps  the  average 
intensity  was  found  to  be  3.4  ft-c.  and  with  21-cp.  lamps  4.32  ft-c. 

The  advantage  that  may  be  secured  by  the  use  of  gas  filled 
lamps  is  shown  slightly  in  the  6-8  volt  service  where  for  an  in- 
crease of  22  per  cent  in  consumption  there  was  an  increase  in 
illumination  of  27  per  cent.  In  the  12-16  volt  service  for  an 
increase  of  6  per  cent  in  consumption  27  per  cent  increase  in 
illumination  was  secured  by  the  use  of  gas-filled  lamps  as  com- 
pared to  the  vaccuum  type. 

These  reflectors  do  not  give  as  satisfactory  results  as  those 
previously  installed.  The  reasons  for  this  are  as  follows :  First 
the  reflectors  are  satin  finished  on  the  inside  thereby  reducing  the 
light  to  some  extent;  second  they  have  1.5  in.  neck  and  a  satis- 
factory holder  is  hard  to  obtain;  third,  and  most  important,  the 
reflectors  are  so  constructed  as  to  be  almost  of  the  focusing  type 
and  the  candle-power  distribution  is  not  sufficiently  wide.  The 
authors  do  not  wish  to  condemn  prismatic  glass  and  want  to  say 
at  this  point  that  this  particular  type  of  reflector  was  used  in  the 
test  solely  because  certain  new  busses  are  so  equipped.  They  have 
since  found  a  prismatic  reflector  with  2.25-in.  neck  which  appears 
to  be  of  much  more  satisfactory  design,  but  as  yet  have  made  no 
test  on  this  reflector. 

A  third  type  of  reflector  was  next  installed.  This  type  was 
a  dense  opal  reflector  with  a  2.25-in.  neck,  and  the  construction 
is  very  heavy.  With  four  units  in  the  bus  and  15-cp.  bulbs  an 
average  intensity  on  the  reading  plane  of  3.76  ft-c.  was  obtained. 
This  equipment  gives  a  satisfactory  reading  light,  the  average 
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intensity  in  that  part  of  the  bus  occupied  by  seated  passengers 
being  4.3  ft-c. 

From  the  foregoing  tests  we  found  out  these  several  im- 
portant facts.  First ;  contrary  to  our  initial  assumption  a  re- 
flector which  approached  the  focusing  type  was  not  satisfactory; 
second,  that  with  reflectors  placed  on  the  ceiling  near  the  sides  of 
the  bus  with  an  inward  slant  of  about  5  degrees  and  a  candle- 
power  distribution  curve  having  from  60'^  to  90°  spread,  very 
satisfactory  results  were  obtained. 

In  reviewing  the  entire  subject  the  following  conclusions  are 
reached.  First,  that  the  dome  equipment  is  very  inefiicient  and 
does  not  give  satisfactory  results  for  the  amount  of  power  ex- 
pended; second,  that  the  reflector  equipment  gives  very  satis- 
factory lighting  and  should  be  used.  The  expense  of  converting 
from  dome  to  reflector  units  is  warranted  by  the  improvement  in 
the  interior  lighting. 

Reflector  units  should  be  placed  on  the  ceiling  near  the  sides 
of  the  bus  so  that  standing  passengers  will  not  cast  shadows  on 
the  reading  matter  of  seated  passengers  and  where  they  will  be 
in  no  danger  of  being  hit  by  the  passengers.  For  the  same  reason 
and  because  of  the  jar  and  rough  usage  to  which  they  are  sub- 
jected they  should  be  of  heavy  glass  and  the  pendant  should  be 
solid  and  sturdy. 

Of  the  reflectors  tested  and  those  under  consideration  with 
the  exception  of  the  before  mentioned  2-25-in.  neck  prismatic 
glass  reflector  which  was  not  received  in  time  to  incorporate  in 
the  above  tests,  the  unit  recommended  for  reasons  of  safety,  ap- 
pearance, and  efficiency  of  distribution,  we  found  most  satis- 
factory is  the  heavy  dense  opal.  This  reflector  is  of  pleasing 
appearance,  sturdy,  deep  enough  to  shade  the  seated  passengers 
from  the  direct  rays  of  the  lamp  and  is  efficient  in  distributing  the 
light  where  it  is  wanted.  It  is  not  as  efficient  as  the  light  opal 
reflector,  but  the  glass  in  this  latter  reflector  is  less  than  one  eighth 
of  an  inch  in  thickness. 

Two  pendants  were  found  satisfactory  for  this  class  of 
service;  each  has  a  short  overall  length,  is  sturdy,  and  has  a 
pleasing  appearance. 

The  jitney  bus  lighting  field  warrants  the  development  of  a 
new  reflector  especially  for  this  class  of  service,  in  which  could 
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be  combined  all  of  the  best  points  of  the  various  reflectors  now  on 
the  market.  Due  to  the  limited  number  of  units  that  can  be  in- 
stalled in  a  bus,  it  is  the  authors'  belief  that  reflectors  having  an 
asymetric  candle-power  distribution  could  be  used  to  advantage 
particularly  for  large  busses. 

The  number  of  units  to  place  in  a  bus  naturally  depends  upon 
the  size  of  the  bus.  In  a  bus  approximately  the  size  of  that 
utilized  in  the  tests,  excellent  lighting  may  be  obtained  by  the  use 
of  four  dense  opal  reflectors  with  21-cp.  lamps  located  on  the 
ceiling,  two  near  each  side,  the  rear  ones  about  3  ft.  from  the  end 
of  the  bus,  and  the  front  ones  4  ft.  forward  of  these.  The  light- 
ing units  should  be  located  about  6  in.  from  the  side  of  the  bus 
and  tilted  inward  about  5  degrees. 

While  the  test  showed  that  15-cp.  lamps  gave  good  lighting, 
some  allowance  must  be  made  for  depreciation  under  service 
conditions,  and  for  that  reason  it  is  desirable  to  use  21-cp.  lamps. 
Use  should  be  made  of  a  pendant  of  such  type  as  to  prevent  the 
possibility  of  a  reflector  jarring  loose  and  falling.  It  is  advisable 
that  the  ceiling  of  the  bus  be  white  enamelled.  For  large  busses, 
use  should  be  made  of  the  same  system  of  lighting  with  six  light- 
ing units  instead  of  four. 

In  conclusion  the  authors'  wish  to  express  their  appreciation 
of  assistance  rendered  in  the  way  of  material,  data,  and  test 
facilities  in  connection  with  the  above  study  by  the  following: 
International  Motor  Co.,  Pierce  Arrow  Motor  Car  Co.,  White 
Motor  Car  Co.,  Packard  Motor  Car  Co.,  Goodyear  Tire  Rubber 
Co.,  Dayton  Mfg.  Co.,  Adam  &  Westlake  Co.,  Holophane  Glass 
Co.,  Ivanhoe-Regent  W^ks.  of  General  Electric,  and  MacBeth- 
Evans  Glass  Co.  They  are  further  indebted  to  Mr.  Edgar  Parker 
of  the  Lighting  Service  Department  of  the  Edison  Lamp  Works 
who  assisted  in  making  the  illuminometer  tests. 

DISCUSSION 

The  papers  by  Messrs.  Porter  and  Jordan  and  those  of 
Messrs.  Summers  and  Hulse  were  discussed  together.  See 
page  no. 
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STREET  CAR  LIGHTING* 


BY  J.   A.   SUMMERS. 


Business  men  have  found  that  light  draws  trade.  This  has 
been  so  definitely  proven  that  few  would  attempt  to  contradict 
it.  We  see  the  results  on  every  side ;  the  crowd  gathers  where 
the  bright  lights  are ;  they  stop  and  examine  the  brightly  lighted 
show  window ;  they  drift  unconsciously  to  the  brightly  lighted 
theatre  entrance  or  restaurant.  If  the  street  cars  are  made  bright 
and  attractive  it  is  perfectly  logical  to  assume  that  human  nature 
will  react  in  the  same  manner  with  regard  to  street  cars  as  it 
does  in  other  lines. 

That  the  public  does  react  in  this  manner  was  definitely 
shown  recently  in  the  subway  here  in  New  York.  On  some  of 
the  local  trains  alternate  cars  had  about  twenty-five  per  cent 
more  light  than  the  others  and  it  was  observed  that  the  brighter 
cars  were  occupied  before  the  others.  Experiences  of  this  kind 
indicate  that  it  is  entirely  logical  to  apply  merchandising  methods 
to  attract  passengers. 

I  have  heard  some  say  that  it  is  not  necessary  to  attract 
passengers.  This  may  be  true  in  some  cases,  but  in  the  large 
majority  of  cases  the  railway  company  is  exerting  every  eflfort 
to  attract  the  public  to  its  cars. 

There  is  severe  competition  in  many  places  between  the 
street  cars  and  jitney  busses  and  it  behooves  the  traction  company 
to  make  their  cars  as  attractive  as  possible  to  hold  their  prestige. 
The  statement  that  people  have  to  ride  anyhow  regardless 
of  conditions  is  not  tenable.  It  is  true  that  a  great  many  are 
absolutely  dependent  on  the  trolleys  to  get  to  and  from  work, 
but  the  profits  of  the  company  depend  largely  on  the  number  of 
people  who  can  be  induced  to  ride  who  are  not  forced  to  ride. 
Brightly  lighted  cars  are  without  question  a  powerful  aid  in  at- 
tracting these  casual  riders,  and  hence,  the  proper  illumination 
of  cars  should  receive  very  serious  consideration. 

It   is  unfortunate  but  nevertheless   true,   that   even   at  the 

*  A  paper  presented  before  the  New  York  Section  of  the  niumiuating  Engineering 
Society,  March  lo,  1921. 
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present  time,  illumination  is  often  an  afterthought  or  an  annoy- 
ing necessity  to  be  disposed  of  as  expeditiously  as  possible.  Proper 
illumination  cannot  be  provided  by  simply  ordering  several  cir- 
cuits of  small  lamps  to  be  installed,  and  thus  dispose  of  the  mat- 
ter without  further  thought  or  attention.  I  am  glad  to  say  that 
most  of  the  large  companies  realize  the  importance  of  illumina- 
tion and  make  very  thorough  investigations  of  lighting  conditions,, 
some  of  which  have  been  reported  in  papers  before  the  Illumi- 
nating Engineering  Society. 

There  are  a  great  many  variables  to  be  considered  in  plan- 
ning the  lighting  of  a  car.  The  interior  finish  of  the  car,  the 
voltage  regulation,  arrangements  of  the  seats,  and  the  standard 
of  lighting  in  the  community  have  a  very  decided  bearing  on  the 
selection  of  the  proper  lighting  equipment. 

The  interior  finish  makes  a  great  difference  in  the  resulting 
illumination.  This  is  true  regardless  of  the  reflector  equipment. 
A  car  with  a  dark  finish  is  likely  to  appear  dark  even  though 
the  photometer  shows  that  the  illumination  is  adequate.  The 
psychological  effect  of  such  a  car  is  depressing  and  the  passengers 
feel  that  there  is  insufficient  illumination, — hence  the  unjust 
criticism.  A  gloomy  car  also  suggests  uncleanliness  and  fre- 
quent resentment  is  expressed  by  passengers  because  of  being 
compelled  to  ride  on  ''dirty,  gloomy  cars."  This  feeling  does 
considerable  harm  to  the  railway  company  not  only  by  causing 
the  antagonism  of  the  public  but  by  repelling  the  short-haul 
passenger. 

A  flat  white  ceiling  with  light  color  woodwork  is  of  course 
most  desirable  from  an  illumination  standpoint,  but  a  light 
tinted  ceiling,  which  many  companies  prefer,  is  quite  satisfactory. 
Such  a  finish  will  add  20  to  40  per  cent  to  the  illumination  secured 
with  the  dark  green  ceiling  so  often  seen,  and  naturally,  the  car 
will  appear  much  brighter  and  more  cheerful.  If  a  gray  tint  is 
used,  the  paint  should  be  mixed  with  vermillion  and  emerald 
green  and  reduced  with  white  until  the  proper  tint  is  secured.  A 
gray  that  is  mixed  with  lamp  black  has  a  much  higher  absorp- 
tion than  a  warm  gray  mixed  as  above. 

The  shape  of  the  ceiling  also  has  a  decided  bearing  on  the 
illumination.    The  old  ceiling  with  the  deep  half  decks  is  rapidly 
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being  displaced  with  a  curved  ceiling  extending  in  one  sweep  over 
the  width  of  the  car. 

This  is  a  much  better  arrangement  from  a  lighting  stand- 
point than  the  old  one  because  the  light  is  not  bottled  up  in  the 
narrow  area  between  the  half  decks.  This  arrangement  also 
provide  better  light  on  the  advertising  cards. 

The  amount  of  light  necessary  and  the  arrangement  of  the 
outlets  are  matters  that  have  received  considerable  attention  and 
aroused  a  great  deal  of  discussion.  It  is  a  relatively  simple  mat- 
ter to  state  the  minimum  requirements  for  safety  and  for  read- 
ing without  eyestrain,  but  this  does  not  really  satisfy  the  con- 
ditions from  an  economic  standpoint.  The  standard  of  lighting 
in  offices,  stores  and  industrial  plants  has  increased  materially 
in  the  last  few  years  and  this  naturally  influences  the  public's 
demand  for  higher  intensities  in  street  cars. 

An  average  of  3.5  to  4.0  ft-candles  in  a  car  was  considered 
very  good  lighting  several  years  ago,  while  now  there  is  a  strong 
tendency  to  go  at  least  lo.o  ft-candles  and  even  higher  so  as  to 
conform  to  the  new  industrial  standard's.  This  is  not  an  un- 
reasonable intensity,  and  can  easily  be  secured  with  proper  re- 
flectors with  an  expenditure  of  power  of  about  two  watts  per 
square  foot  of  floor  area. 

One  must  not  forget  the  fact  that  the  10  ft-candles  mea- 
sured in  an  empty  car  at  rest  and  with  lamps  operating  at  normal 
voltage  will  be  reduced  to  not  over  6.0  foot-candles  when  the  car 
is  crowded  and  the  voltage  lowered  as  much  as  it  is  on  the  ma- 
jority of  trolley  lines.  The  cross  reflection  which  adds  up  in  the 
empty  car  is  also  entirely  absorbed  in  a  crowded  car,  and  due 
allowance  should  be  made  for  this  fact  when  estimating  the  de- 
sired intensity. 

A  much  higher  intensity  is  necessary  to  read  comfortably 
in  a  street  car  than  in  a  home  or  office,  because  the  vibration  and 
jolts  of  a  rapidly  moving  car  cause  a  rapid  movement  of  the 
reading  matter  which  is  hard  to  follow  without  great  eyestrain 
under  low  intensities.  Many  tests  on  the  speed  of  vision  have 
shown  that  an  intensity  of  10  ft-candles  is  necessary  to  read 
rapidly  changing  print. 
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One  row  of  lamps  on  the  center  line  of  the  car  is  the  most 
economical  way  of  placing  the  units,  and  an  illumination  test 
in  an  empty  car  would  show  a  satisfactory  distribution  of  light. 
The  results  are  also  fairly  satisfactory  to  the  passengers  if  the 
seats  are  arranged  across  the  car.  In  this  case  the  standing  pas- 
sengers do  not  cast  objectionable  shadows  on  the  seated  pas- 
sengers. However,  if  the  seats  are  arranged  longtudinally  the 
results  are  often  unsatisfactory  whenever  there  are  standing  pas- 
sengers. The  arms  and  hands  holding  on  to  the  overhead  straps 
effectually  bar  the  light  from  reaching  the  seated  passengers.  In 
the  latter  case,  therefore,  use  should  be  made  of  two  lines  of 
units,  placed  just  inside  the  edge  of  the  seats.  In  all  cases 
medium  density  opal  reflectors  should  be  used  and  in  no  case 
should  they  be  spaced  more  than  5.0  ft.  apart.  If  the  units  are 
placed  under  the  half  deck  it  is  of  prime  importance  to  use 
reflectors  as  a  standing  passenger  is  so  close  to  the  lamps  that 
to  him  a  bare  lamp  is  exceedingly  annoying.  Bare  lamps  in  this 
position  also  detract  from  the  advertising  value  of  the  cards 
under  the  half-deck  because  of  the  glare. 

Many  accidents  have  occurred  to  passengers  alighting  from 
street  cars  because  of  inadequate  light  at  the  steps.  Persons  are 
temporarily  blinded  when  going  from  a  brightly  lighted  platform 
to  the  dark  steps  and  many  serious  falls  have  resulted.  Several 
methods  have  been  satisfactorily  tried  to  solve  this  problem.  One 
is  to  utilize  one  circuit  just  inside  the  door  to  operate  when  the 
door  opens.  Another  method  is  to  set  a  lamp  in  a  recess  at  each 
end  of  the  step,  each  lamp  operating  in  series  with  the  circuits 
inside  the  car.  The  latter  method  is  the  better  one  when  the 
construction  of  the  car  permits  its  use. 

The  principal  points  to  consider  in  designing  the  illumination 
of  a  car,  either  new  or  when  remodeling,  is  the  value  of  a  light 
finish  on  the  ceiling,  the  use  of  a  proper  reflector,  spacing  of  the 
lamps  not  to  exceed  five  feet,  and  an  intensity  high  enough  not 
only  to  make  comfortable  reading  but  to  attract  passengers  to 
a  well  lighted  cheerful  car. 

DISCUSSION. 
The  papers  by   Messrs.   Summers  and   Hulse  and  that  of 
Messrs.  Porter  and  Jordan  were  discussed  together.     See  p.  no. 
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RAILWAY  CAR  LIGHTING* 


BY  GEORGE  E.    HULSE 


Railway  car  lighting  differs  from  other  classes  of  lighting  both 
in  the  methods  of  obtaining  the  energ>'  for  lighting  and  in  the 
application  of  the  lighting  units. 

The  fact  that  a  car  is  continually  on  the  move  makes  it  neces- 
sary to  obtain  the  energy  from  a  stored  supply,  or  to  generate  it 
on  the  car  itself.  This  means  that  the  supply  is  limited,  and  that 
it  must  be  utilized  in  the  most  efficient  manner  possible. 

The  lighting  fixtures  must  be  permanently  secured  in  position, 
and  out  of  the  way  of  seats,  baggage  racks  and  sleeping  car  berths, 
which  limits  their  application  to  the  ceiling  of  the  car.  This 
factor  limits  the  flexibility  in  placing  the  units  to  get  the  desired 
eflfect. 

Much  careful  study  has  been  given  the  matter,  however,  and 
the  results  obtained  as  exemplified  by  the  best  present  practice  are 
very  satisfactory. 

A  series  of  tests  extending  over  several  weeks,  was  made  in 
1912  by  representatives  of  the  Post  Office  department,  several  of 
the  railroads,  and  interested  manufacturers  on  diflferent  methods 
of  lighting  postal  cars.  A  few  years  later  a  similar  series  of 
tests  was  made  under  the  direction  of  the  Association  of  Railway 
Electrical  Engineers,  on  methods  of  coach  lighting,  and  it  is 
mainly  on  the  data  obtained  by  these  tests  that  the  illumination 
values  given  herein  are  based. 

GAS  LIGHTING. 

A  large  number  of  cars  are  at  present,  and  probably  will 
continue  for  some  time  to  be  lighted  by  gas.  Practically  all 
gas  lighted  cars  in  this  country  are  lighted  by  what  is  known 
as  Pintsch  gas.  This  gas  is  manufactured  by  cracking  petroleum 
oils  in  retorts  or  generators,  and  is  distributed  under  pressure  to 
the  car  yards,  where  it  is  transferred  to  suitable  holders  carried 
underneath  the  cars.  The  gas  has  a  high  heating  and  illuminating 
value,  thus  making  it  especially  suitable  for  car  lighHng  as  a  large 
supply  can  be  carried  in  a  small  space.     The  principal  feature  of 

*A  paper  presented  before  the  New  York  Section  of  the  Ilh.minating  Ensnneerinor 
Society,  March  10,  1921.  "  ^"e>'uccring: 
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the  car  equipment  is  the  regulator  which  maintains  a  constant 
pressure  at  the  burners. 

The  constant  pressure  given  by  the  regulator  and  the  uniform 
quality  of  the  gas  permit  the  lamps  to  be  made  without  any  means 
of  adjusting  the  air  or  gas  supply  to  the  burner. 

The  incandescent  mantle  is  almost  universally  used  with  gas 
equipments.  All  new  cars  are  fitted  with  it,  and  the  flat  flame 
lamps  in  old  cars  are  rapidly  being  converted  to  use  the  mantle. 
Two  sizes  are  in  use,  one  giving  90  cp.  and  consuming  2.0  cu.  ft. 
of  gas  per  hour,  the  other  giving  125  cp.  with  2.5  cu.  ft  of 
gas  per  hour.  A  smaller  size  giving  25  cp.  is  used  where  small 
bracket  lamps  are  desirable. 

ELECTRIC  LIGHTING 

What  is  known  as  the  "axle  generator  system"  has  come  to 
be  almost  exclusively  used  for  lighting  cars  by  electricity.  The 
use  of  the  straight  storage  system,  by  which  the  current  was 
obtained  from  storage  batteries  which  were  charged  while  the  car 
was  at  a  terminal  has  almost  entirely  disappeared,  owing  to  the 
fact  that  cars  were  kept  too  long  out  of  service  for  charging  and 
were  dependent  on  a  stationary  plant.  A  few  cars  are  still  lighted 
by  the  "head  end  system,"  in  which  the  current  is  obtained  from 
a  steam  driven  generator  set  in  the  baggage  car  of  the  train,  but 
owing  to  its  lack  of  flexibility  this  system  has  had  a  limited 
application. 

In  the  axle  generator  system  the  current  is  generated  by  a 
generator  driven  from  the  axle  of  the  car.  This  machine  provides 
current  for  the  lamps,  and  charges  a  storage  battery  which  pro- 
vides service  when  the  car  is  not  in  motion.  With  this  system, 
the  car  is  equipped  with  its  own  power  plant,  and  has  an  ample 
supply  of  current  wherever  it  may  be  in  service.  Such  attention 
as  is  necessary  is  easily  given  during  its  regular  lay-over  periods. 

The  essentials  of  such  a  system  are  as  follows : 

1.  A  generator  mounted  on  either  the  car  body  or  the  truck  with 
some  form  of  driving  system  between  the  car  axle  and  the 
generator. 

2.  A  storage  battery  to  furnish  current  when  the  car  speed  is 
not  sufficient  to  drive  the  generator  at  a  speed  to  give  the  proper 
voltage. 
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3.  A  regulator  to  goxern  the  output  of  the  generator  at  varying 
speeds,  and  to  charge  the  storage  battery  properly  and  protect  it 
from  overcharge. 

4.  A  regulator  to  maintain  proper  voltage  at  the  lamps. 

5.  Some  means  of  keeping  the  polarity  of  the  generator  constant 
v^'hen  the  direction  of  movement  of  the  car  changes. 

These  conditions  have  been  successfully  met  in  various  ways. 
The  majority  of  equipments  in  use  have  the  following  features : 

The  generator  is  mounted  on  the  car  underframe  and  is 
driven  by  a  belt.  The  generator  is  controlled  for  output  at  \a.ry- 
ing  speeds  by  carbon-pile  rheostat  in  its  field  circuit  which  gives 
a  constant  current  output  until  the  battery  approaches  full  charge, 
when  the  battery  is  protected  from  overcharge  by  the  control 
passing  to  voltage,  or  by  having  the  charge  discontinued  by  a 
meter  which  measures  the  ampere-hours  supplied  to  the  battery. 

The  lamp  voltage  is  held  constant  by  an  automatic  carbon- 
pile  rheostat. 

At  the  present  there  is  some  demand  for  a  more  positive 
drive  than  the  belt,  v.'hich  does  not  always  give  perfect  service, 
especially  in  bad  winter  weather.  Various  types  of  gear  or  other 
positive  drive  are  being  investigated  but  it  is  doubtful,  if  when  all 
the  conditions  of  application  to  the  car,  first  cost,  and  cost  of 
maintenance  are  considered  the  improvement  in  service  will  be 
justified. 

CAR  ILLUMIXATIOX 

As  I  have  already  said  the  location  of  the  lighting  fixtures  in 
a  car  is  limited  to  practically  one  position. 

This  makes  it  impossible  to  keep  them  out  of  the  range  of 
vision,  and  makes  proper  screening  of  the  light  source  absolutely 
necessary.  The  motion  of  the  car  also  makes  a  fairly  high  in- 
tensity of  illumination  necessar)\ 

COACHES 
Coaches   are   of    course   important   as   they   constitute    the 
majority  of  cars  in  use  and  carry  more  people  than  any  other  class 
of  car. 

A  certain  amount  of  general  illumination  is  necessar}%  but 
the  principal  illumination  is  required  for  reading,  and  the  lighting 
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system  should  be  designed  for  proper  illumination  on  a  plane 
45°  to  the  horizontal,  and  at  right  angles  to  the  center  line  of  the 
car. 

The  lamp  fixtures  may  be  either  mounted  on  the  center  line 
of  the  car  on  the  upper  deck  or  there  may  be  a  row  on  each  side 
of  the  car  directly  over  the  seats  mounted  on  the  lower  edge  of 
the  side  deck. 

The  tests  on  coach  lighting  conducted  by  the  Association  of 
Railway  Electrical  Engineers  demonstrated  that  equally  good 
illumination  results  as  far  as  distribution  and  uniformity  go  could 
be  obtained  with  either  type  of  installation.  Practical  consider- 
ation make  the  center  lighting  arrangement  more  largely  used  on 
account  of  the  smaller  number  of  fixtures  required,  and  fewer 
lamps  and  reflectors  to  maintain.  Center  lighting  also  gives  less 
trouble  from  shadows  cast  by  a  passenger's  head  on  his  own  or 
another  passenger's  paper. 

The  spacing  most  used  for  the  lamps  is  6  ft.,  the  mounting 
height  for  center  lamps  is  about  8  ft.,  and  for  side  lamps,  about 

6.5  ft. 

Up  to  the  present  the  open  mouth  type  of  reflector,  of  either 
heavy  density  opal  or  clear  prismatic  glass,  has  been  employed  for 
coach  lighting. 

The  use  of  these  types  of  reflectors  with  6-ft.  spacing  and 
50-watt  train  lighting  lamp  giving  506  lumens,  or  84  lumens  per 
running  foot  length  of  car,  gives  about  the  following  illumination 
results : 

Foot  Candlks 

45°  Plane  Horz.  plane     Efficiency 

Window  seats     Aisle  seats     Mean       Average    Horz.  plane 

Heavy  density  opal         2.60  3.51  3.06  4.48  49.7 

Clear'prismatic  2.55  3.34  2.95  4.23  46.6 

The  lamps  used  in  the  above  were  50-watt  trainlight  type  B 
(vacuum)  lamps  having  an  output  of  506  lumens. 

The  type  C  (gas-filled)  lamp  is  available  for  car  lighting 
purposes.  While  the  intensity  of  illumination  can  be  increased 
by  the  use  of  these  lamps,  the  wisdom  of  the  use  of  the  clear  lamp 
in  open  mouth  reflectors  is  questioned  as  under  these  conditions 
it  is  almost  impossible  to  get  away  from  the  effect  of  the  high 
intensity  filament.     Even  though  the  filament  is  properly  screened 
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there  are  bright  spots  on  the  reflector  which  cause  eye  fatigue. 

Totally  enclosed  units  placed  close  to  the  ceiling  are  however 
being  introduced  for  coach  lighting,  and  these  give  satisfactory 
results  as  to  illumination  and  present  a  pleasing  appearance. 

With  the  better  grade  of  glass  available  at  present  the  illum- 
ination  values   obtained   with   the   50-watt   type   C   lamps    (740 
lumens)  giving  123  lumens  per  running  foot  of  car  length  would 
be  about  as  follows: 
Foot  Candles 

TIT-    J  ^^     Plane  Horz.  plane  Efficienrv 

Window  seats         A.sle  seats         Mean  Average  Hog    ^W 

2-^^  2.40  2.29  2.82  22% 

Using  75-watt  type  C  lamp   (1024  lumens)   or  170  lumens  per 
running  foot  of  car  these  values  would  be  as  follows : 

TTr-    •,  45     Plane  Horz.  plane  Efficiencv 

Window  seats         Aisle  seats         Mean  Avera^  Horz.  pSn'e 

3-°^  3-32  3-17  3.92  22% 

It  will  be  noted  that  using  the  same  wattage  the  values  ob- 
tained with  the  type  C  lamp  and  enclosing  bowls  are  about  23  per 
cent  lower  than  those  with  open  mouth  reflectors  and  type  B 
lamps.  To  get  equal  illumination  it  is  necessary  to  increase  the 
wattage  50  per  cent  with  the  enclosing  bowl  type. 

In  the  latter  case  however  the  illumination  is  of  a  better 
character  and  the  appearance  of  the  car  is  considerably  improved. 

In  some  respects  however  open  mouth  reflectors  are  superior 
to  totally  enclosing  units  as  with  the  reflector  the  ceiling  is  not 
Illuminated  to  any  extent  and  afl^ords  a  rest  space  for  the  eve 
which  is  not  present  with  enclosing  units  mounted  close  to  the 
ceiling. 

With  gas  lighting  the  lamps  are  generally  spaced  three  seats 
or  nine  feet.  The  best  arrangement  of  fixture  is  an  enclosing 
bowl,  as  open  mouth  reflectors  are  not  suitable  for  use  with  gas 
burners.  The  type  of  bowl  best  suited  to  use  with  the  gas  mantle 
IS  one  approximately  spherical  in  shape  the  upper  half  bein- 
heavy  density  opal,  the  lower  half  optic  ribbed.  The  gas  mantle 
has  a  rather  low  intrinsic  brilliancy  and  these  ribs  give  sufficient 
diffusion  to  prevent  any  bad  effects  from  -lare 
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The  illumination  values  for  a  coach  with  such  an  equipment 
using  the  90-cp.  mantle  with  9-ft.  spacing,  87  lumens  per  running 
foot  of  car,  are  as  follows. 

Foot  Candi.es 

45°  Plane  Horz.  plane  Efficiency 

Window  seats         Aisle  seats         Mean  Average  Horz.  plane 

1.75  2.04  1.89  2.42  25% 

With  the  125  cp.  mantle  giving  120  lumens  per  running  foot 
of  car,  these  values  would  be  as  follows : 

Foot  Candi.es 

45°  Plane  Horz.  plane  Efficiency 

Window  seats         Aisle  seats         Mean  Average  Horz.  plane 

2.44  2.84  2.64  3.37  25% 

DINING    CARS 

Most  of  the  novelties  in  car  lighting  are  used  in  the  dining 
cars.  The  table  and  its  furnishing  are  the  most  important  item 
in  the  car  and  the  high  illumination  must  be  concentrated  on  each 
table.  General  illumination  of  fairly  high  intensity  has  ahvays 
been  found  necessary  so  that  the  car  would  present  a  cheerful 
appearance  to  the  person  entering  it.  Installations  with  a  high 
intensity  on  the  tables  and  a  low  general  illumination  have  not 
been  found  satisfactory.  Generally  illumination  can  be  obtained 
from  fixtures  mounted  on  the  center  deck,  either  direct  or  semi- 
direct.  For  table  illumination  fixtures  should  be  mounted  over 
each  table  and  no  more  satisfactory  type  of  unit  has  been  de- 
veloped than  that  which  uses  the  concentrating  reflector  with  a 
redirecting  plate  under  it  to  give  the  proper  distribution  for 
maximum  light  on  the  table  top. 

For  general  illumination  a  semi— direct  fixture  is  now 
generally  preferred  and  sufficient  illumination  is  obtained  with 
such  fixtures  mounted  six  foot  apart  using  a  50-watt  type  C  lamp. 

The  illumination  on  the  table  top  should  be  from  5.0  to  7.0 
ft-c.  and  this  can  be  obtained  by  the  use  of  a  50-watt  type  C  lamp 
in  the  table  fixture  mentioned  above. 

SLEEPING  CARS 
Sleeping  cars  require  lighting  for  general  illumination,  for 
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reading  or  working  at  the  tables  in  the  sections,  and  for  illum- 
ination of  the  berths  after  they  are  made  up. 

General  ilumination  is  obtained  by  center  lamps  placed  close 
to  the  ceiling  to  prevent  interference  of  the  fixture  with  the  upper 
berth.  Small  units  placed  in  the  corner  of  each  section  provide 
additional,  local  illumination  for  reading  and  to  light  made-up 
berths. 

The  staterooms  of  a  sleeping  car  and  a  compartment  car  are 
lighted  in  the  same  way. 

Smoking  rooms  have  a  center  lamp  for  general  illumination 
and  bracket  lamps  back  of  the  fixed  seats  to  afiford  proper  lighting 
for   reading. 

The  passageways  are  lighted  by  ceiling  fixtures,  using 
either  an  open-mouth  reflector,  or  a  fixture  with  a  reflector  and 
directing  plate  set  flush  with  the  ceiling. 

For  lighting  of  the  berth  section  of  the  car  after  the  berths 
are  all  made  up  there  has  recently  been  developed  a  fixture  which 
is  secured  to  the  seat  frame  and  throws  the  light  on  the  floor  so 
that  it  is  easy  to  find  the  way  along  the  aisle  after  all  the  ceiling 
light  has  been  extinguished  in  this  section. 

The  present  practice  is  to  use  total  enclosing  center  lamps 
having  a  hemispherical  bowl  placed  against  the  ceiling.  Type 
C,  100  watt  (1461  lumen)  lamps  are  used,  and  the  illumination 
on  the  reading  plane  probably  averages  4.5  ft-c. 

PARLOR  SMOKING  CARS 
The  lighting  of  this  type  of  car  presents  a  rather  difficult 
problem,  as  the  seats  are  so  arranged  that  the  occupant  faces  the 
center  of  the  car.  Best  results  are  obtained  by  the  use  of  a  few 
center  lamps  for  general  illumination,  and  bracket  lamps 
placed  on  the  side  of  the  car  back  of  the  chairs  for  reading  light. 
Cars  having  a  flat  side  deck  can  be  fitted  with  reflecting  units 
directly  over  the  chairs  instead  of  bracket  lamps. 

PARLOR  CARS 
The  conditions  in  this  class  of  car  are  very  similar  to  that 
in  the  passenger  coach,  and  the  same  type  of  installation  is  used, 
although  indirect  lighting  can  be  better  used  in  parlor  cars  owing 
to  the  fact  that  the  walls  and  ceilings  can  be  maintained  in  better 
reflectins:  condition. 
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POSTAL  CARS 

Postal  cars  require  greater  illumination  than  those  of  any 
other  class,  as  the  work  done  demands  constant  and  arduous  use 
of  the  mail  clerk's  eyes.  A  very  thorough  investigation  was  con- 
ducted some  years  ago  by  one  of  the  large  railroads  assisted  by 
various  manufacturers  and  participated  in  by  the  Standard  Car 
Committee  of  the  Post  Office  Department.  Various  types  of  in- 
stallation were  tested,  and  determinations  were  made  of  the 
amount  of  light  necessary  for  the  postal  clerks  to  work.  From 
the  results  obtained  by  these  tests  the  committee  issued  specifi- 
cations for  lighting  which  must  be  met  in  every  postal  car. 

Postal  cars  are  generally  divided  into  three  sections ;  the 
letter-distributing  cases,  the  bag-distributing  racks,  and  the 
storage  space.  The  distributing  cases  require  high  illumination 
on  the  vertical  plane  of  the  box  labels  and  on  a  horizontal  plane 
for  reading  the  addresses  on  the  mail.  The  bag-distributing 
racks  require  high  illumination  on  the  horizontal  plane,  for  the 
labels  on  the  bag  racks.  .  The  storage  end  requires  a  fair  general 
illumination. 

Initial  Values  of  Illumination  Required. 

Foot-candles 


Minimum 

Maximum 

Bag  rack  portion: 
Center  of  car-horizontal 

Mouth  of  bags,  measured  18  inches  from  side  of  car 
horizontal 

3-75 
2.00 

12.00 
12.00 

Letter  cases: 

Over  taV)le-horizontal 

Face  of  case-horizontal 

3.75 
1.66 

19.00 
19.00 

Storage  portion 

2.00 

12.00 

These  initial  values  are  so  set  as  to  give  proper  illumination 
with  a  40  per  cent  depreciation  in  the  efficiency  of  the  installation. 

A  60-ft.  postal  car  is  lighted  to  these  specifications  by  the  use 
of  II  mantle  gas  lamps  the  90-cp.  (780-lumen)  mantle  being  used. 
Metallic  reflectors  are  used  almost  exclusively  for  postal  car 
lighting,  those  having  a  matted  aluminum  surface  being  preferred. 

These  specifications  in  the  6o-ft.  car  are  more  easily  fulfilled 
by  the  use  of  fifteen  50-watt  (506-lumen)  lamps.  Some  in- 
stallations are  now  being  made  with  the  type  C  lamp  in  postal  cars 
but  enough  experience  has  not  been  had  with  this  installation  to 
determine  as  to  whether  it  is  entirely  satisfactory. 
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PRIVATE  CARS 

A  private  car  is  a  combination  of  several  types  of  cars  and 
the  lighting  is  accomplished  in  the  different  sections  somewhat  as 
it  is  in  the  class  of  a  car  to  which  that  section  corresponds.  The 
observation  room  resembles  somewhat  the  parlor  smoker,  and  in 
this  part  of  the  car  general  illumination  is  obtained  by  center 
lighting,  with  bracket  lamps  behind  the  chairs,  or  half  deck  units 
for  local  lighting.  In  private  cars,  however,  more  latitude  is 
allowed  in  fixture  design,  and  frequently  the  center  lighting  is 
obtained  from  one  large  fixture  placed  in  the  ceiling  of  the  obser- 
vation room. 

Local  lighting  is  provided  for  the  gauges  and  speed  indicating 
devices  with  which  most  business  and  private  cars  are  equipped, 
so  that  these  instruments  may  be  read  when  the  other  lamps  in 
the  car  are  not  in  use  to  allow  track  inspection  from  this  part  of 
the  car  at  night. 

The  dining  room  of  a  private  car  is  best  lighted  by  a  single 
unit  placed  directly  over  and  throwing  a  high  illumination  on  the 
table,  with  local  lighting  for  the  buffet. 

The  staterooms  are  lighted  with  center  lamps,  with  local 
lighting  for  the  mirrors.  Where  berths  are  used,  berth  lamps  are 
provided,  and  special  reading  lamps  are  attached  to  the  bed  posts. 

All  cars  with  vestibules  have  lamps  over  each  step,  directing 
light  on  the  steps.     A  flush  type  metal  reflector  is  generally  used. 

BAGGAGE  CARS 
Baggage  cars  do  not  require  a  high  intensity  of  illumination 
but  its  distribution  must  be  such  that  a  moderate  illumination  is 
obtained  in  both  the  horizontal  and  the  vertical  planes,  and  the 
illumination  on  the  vertical  plane  must  be  of  a  fair  value  up  to 
within  about  two  feet  of  the  car  roof.  The  reason  for  this  is  that 
the  lading  of  the  car  is  sometimes  piled  high,  and  there  must  be 
sufficient  light  to  read  the  labels  or  marking  on  the  packages. 
Glass  reflectors  are  not  desirable  on  account  of  breakage.  The 
present  preferred  practice  is  the  use  of  an  enameled  reflector  of 
the  r.  1.  m.  type  placed  as  close  to  the  ceiling  as  possible.  These 
fixtures  are  spaced  about  ten  feet  apart,  and  50-watt  (740-lumen) 
type  C  lamps  are  used.  This  installation  will  give  an  illumination 
of  about  4.5-ft-c.  average  on  the  horizontal  plane,  and  values 
ranging  from  i  to  5  ft-c.  at  different  heights  in  the  vertical  plane. 
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Baggage  cars  are  also  provided  with  a  fixture  over  each  door 
designed  to  light  the  doorway,  and  a  baggage  truck  placed  for 
loading  the  car. 

REFLECTORS  AND  GLASSWARE 

A  number  of  types  of  reflectors  and  enclosing  units  have  been 
developed  for  car  lighting  uses. 

For  cars  where  efficiency  is  the  prime  object,  and  appearance 
a  secondary  consideration,  the  open-mouth  reflector  is  in  almost 
universal  use.  Best  results  are  obtained  with  a  reflector  giving 
the  maximum  candle-power  at  45  degrees. 

The  following  are  the  principal  types  of  this  class  of  re- 
flector, together  with  the  illumination  obtained  and  the  efficiency 
using  a  6- ft.  spacing,  giving  84  generated  lumens  per  running  foot 
of  the  car; 

Average  illumination  on  45 

degrees  reading  planes, 

foot-candles 


Illumination 

Aisle 

Window 

Average 

efficiency   on    45 

seat 

seats 

degrees  plane 

Prisniritic  clear 

3-34 

2.72 

3-04 

34-2 

Heavy  density  opal 

3-03 

2-55 

2.69 

30.2 

Medium     "          " 

2.52 

2.07 

2.30 

25-9 

Prismatic  satin  fin. 

2.44 

1.89 

2.17 

243 

Light  density  opal 

2.25 

1. 91 

2.0S 

23-5 

Where  appearance  is  the  primary  consideration  enclosing 
units  are  used,  and  the  energy  efficiency  somewhat  sacrificed. 

The  following  results  are  obtained  with  this  class  of  unit 
using  123  lumens  per  running  foot  of  car  length. 


Average  illumination  on  45 

degrees  reading  planes, 

foot-candled 


Enclosing  units 


Aisle 
seats 

.Window 
seat 

Average 

Illumination 

efficiency   on   45 

degree  plane 

2.00 
2-55 

1.78 
2.00 

1.90 
2.27 

14.6 
17-5 

2.64 
2.S6 
2.50 
2.15 

2.27 
2.27 
2.03 
2.07 

2.46 

2.57 
2.26 
2. II 

19.0 
19.8 
17.4 
16.3 

Light  density  opal 
Shallow  prismatic 
Reflector  with  light 
density   bowl    re- 
flecting and  diffus- 
ing globes 
Semi-indirect 
Total  indirect 
Bare  lamp 
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All  the  foregoing  are  for  electric  light.  For  gas  lighting 
the  following  results  were  obtained,  the  generated  lumens  being 
120  per  running  foot  of  car. 

Average  illumination  on  45 

degrees  reading  planes, 

foot-cabdles 


Enclosing  units 

Illumination 

Aisle 
seats 

Window 
seats 

Average 

efficiency  on  45 
degree  i)lane 

Deep  prismatic  re- 
flector and  bowl 
Reflecting  and  dif- 

3.65 

3-72 

369 

26.8 

fusing  globes 
Medium  density 

2.74 

2.34 

2.54 

18.4 

opal  globes 

C.  R.  I.     diffusing 

globes 

2.08 
1.92 

1-52 

1.67 

1.80 
1.80 

131 
13- 1 

FIXTURES 
Lighting  fixtures   for  use  in  railroad  cars   require   special 
design  and  construction,  and  embody  some  features  not  found  in 
fixtures  built  for  other  purposes. 

1.  They  must  be  substantial  to  withstand  the  constant 
vibration  to  which  they  are  subjected. 

2.  They  must  be  easily  removable  for  refinishing  when  the 
car  goes  through  its  regular  shopping. 

3.  The  arrangement  for  holding  the  glassware  must  be  such 
that  it  can  be  easily  applied,  or  removed  for  cleaning,  but  at  the 
same  time  must  be  securely  held  so  that  there  is  no  danger  of  its 
jarring  loose. 

4.  They  must  be  of  suitable  color  and  design  to  harmonize 
with  the  interior  treatment  of  the  car. 

5.  The  mechanical  design  must  be  simple  and  all  working 
parts  must  be  easily  accessible. 

The  first  condition  is  met  by  careful  mechanical  design 
suggested  by  experience  in  this  class  of  work,  as  fixtures  built 
for  other  uses  are  wholly  unfit  for  use  in  railway  cars. 

The  second  feature  is  generally  covered  by  a  type  of  con- 
struction in  which  a  plate  or  spider  is  firmly  fastened  to  the  car 
ceiling,  this  plate  forming  the  support  for  the  socket.  The 
ornamental  part  of  the  fixture  is  secured  to  this  plate,  but  may 
be  removed  without  disturbing  the  electric  connections  or  the 
attachment  to  the  ceiling. 
4 
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The  arrangements  for  holding  the  glassware  in  enclosing 
units  must  be  worked  out  for  each  type  of  glass  employed.  With 
a  large  proportion  of  the  fixtures  for  electric  lighting,  use  is  made 
of  open  mouth  reflectors  and  for  these,  holders  have  been  de- 
veloped which  fulfill  the  condition  admirably.  The  ordinary 
type  of  holder  equipped  with  set  screws  was  quickly  abandoned 
as  being  unsafe.  The  best  holders  developed  consist  of  a  spring 
clamp  comprising  a  number  of  metal  fingers  which  spring  over 
and  grip  the  neck  of  the  reflector.  In  order  to  make  the  action  of 
this  spring  clamp  positive,  a  cap  nut  is  screwed  down  against  the 
spring  clamp,  locking  the  fingers  against  the  neck  of  the  reflector 
in  such  a  manner  that  the  spring  of  the  clamp  takes  care  of  ex- 
pansion in  the  glass  and  cushions  it  against  vibration. 

It  has  been  found  that  no  change  in  design  of  fixture  is 
necessary  to  accomodate  the  type  C  lamp  as  most  of  the  fixtures 
are  designed  with  sufficient  radiant  capacity  to  accomodate  this 
lamp  properly. 

The  Association  of  Railway  Electrical  Engineers  has  recently 
adopted  four  standard  lamp  positions.  These  are  the  1.5  in.,  i.o 
in.,  0.5  in.  and  zero,  these  dimensions  indicating  the  distance  which 
the  top  of  the  contact  point  of  the  lamp  is  above  the  top  of  the 
reflector. 

The  question  of  suitable  design  is  one  which  is  governed  to 
a  certain  extent  by  the  wishes  of  the  purchaser,  but  I  believe  that 
the  results  obtained  in  car  lighting  work  compare  very  favorably 
with  that  in  other  lines. 

Electric  lamps  are  so  built  that  the  bulbs  may  be  easily  re- 
newed, and  that  the  sockets  and  wiring  easily  are  accessible.  Gas 
lamps  are  so  made  that  they  can  be  lighted  without  opening  the 
bowl,  mantles  applied  without  the  mantle  being  removed  from  the 
container  until  it  is  properly  attached  to  the  lamp,  and  no  ad- 
justments to  the  air  or  gas  supply  are  necessary;  in  fact  the  lamps 
are  made  without  any  means  of  adjustment. 

DISCUSSION 

The  paper  by  Messrs.  Porter  and  Jordan,  and  those  by 
Messrs.  Summers  and  Hulse,  were  discussed  together. 

R.  B.  Ely:  I  should  like  to  ascertain  if  gas  lighting  systems 
are  being  installed  in  new  passenger  coaches,  and  if  when  coaches 
are  being  renovated  electric  lighting  systems  are  installed  on  cars 
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that  were  formerly  illuminated  by  gas  lighting.  I  should  also 
like  to  learn  whether  the  company  Mr.  Hulse  represents  ever 
considered  the  idea  of  wiring  the  ordinary  freight  car,  by  placing 
two  or  three  outlets  in  the  interior  of  the  car  and  a  suitable  outlet 
on  the  outside  of  the  car  for  plugging  in  at  transfer  stations.  The 
expense  of  such  a  wiring  system,  it  seems  to  me,  would  be  small, 
when  one  considers  the  life  of  the  car  in  comparison  with  the 
convenience  and  advantages  to  be  obtained  when  loading  and  un- 
loading. Many  demands  are  being  made  for  portable  lighting 
units  for  illuminating  the  interior  of  freight  cars  when  being 
loaded  and  unloaded. 

L.  C.  Porter :  Mr.  Hulse  said  that  in  laying  out  the  lighting 
system  for  postal  cars  allowance  was  made  for  40  per  cent 
depreciation  in  lighting.  I  should  like  to  ask  if  he  has  any  figures 
showing  that  so  great  a  depreciation  as  that  is  actually  present  in 
the  service. 

S.  G.  HiBBEN  :  A  very  important  feature  of  car  lighting  that 
has  been  advocated  by  the  railway  electrical  engineers  is  the 
standardization  of  reflector  holder  positions.  Men  conversant 
with  that  subject  realize  what  a  tremendous  difference  in  car 
illumination  results  from  the  various  positions  of  the  lamp  fila- 
ment with  respect  to  the  reflector,  and  they  realize  that  in  spite  of 
this  fact  there  still  exists  a  wide  variation  of  holder  positions  and 
a  considerable  neglect  on  the  part  of  the  manufacturers  to  provide 
suitable  adjustment  in  fixtures  to  take  care  of  different  designs 
of  reflectors  and  dift'erent  light-center  lengths  of  lamps. 

As  Mr.  Hulse  has  stated,  the  committee  on  illumination  of 
the  Association  of  Railway  Electrical  Engineers  has  recommended 
four  definite  holder  positions.  These  positions  represent  the 
distances  between  the  top  level  of  the  fitter  tip  and  the  cap  con- 
tact of  the  lamp  base.  They  are  designated  by  o  and  the  figures 
2,  4,  and  6  representing  quarters  of  an  inch,  that  is,  in  position  6 
the  base  contact  of  the  lamp  is  1.5  in.  above  the  heel  of  the 
reflector,  etc. 

If  the  manufacturers  of  fixtures  for  railway  cars  can  agree 
on  this  standardization,  it  will  pave  the  way  toward  similar  stand- 
ards of  design  for  all  fixture  manufacturers.  The  proper  placing 
of  the  lamp  in  its  accessory  is  vital  to  the  improvement  of  the 
lighting  industry.  It  is  a  much  neglected  point  that  I  wish  to 
stress  emphatically. 
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Be  it  said  to  the  credit  of  the  railway  electrical  engineers 
there  is  less  violation  of  good  lighting  practice  through  bare  or 
exposed  lamps  in  car  lighting  than  in  most  other  applications. 
Here  has  been  learned  the  lesson  that  glare  is  uncomfortable, 
that  waste  light  costs  real  money.  Placing  the  lamp  deep  enough 
within  the  reflector  to  secure  good  distribution  downward,  and 
using  reflectors  of  sufficient  depth  to  extend  down  to  at  least  the 
plane  of  the  lamp  tip  so  as  to  reduce  glare,  are  essential  features 
of  good  coach  lighting. 

For  example,  the  Pennsylvania  Lines  standardize  a  holder 
position  of  1.125  in.  for  the  No.  18226  deep  bowl  prismatic  re- 
flector, and  the  distribution  from  the  50-watt  G-30  bulb  clear  lamp 
results,  in  securing  about  50  per  cent  of  the  generated  lumens  as 
effective  at  the  reading  level.  The  distribution  is  nearly  the  same 
with  a  1.25-in.  holder  position,  and  the  probability  of  glare  is  less. 
However,  between  a  H  inch  and  a  iH  inch  holder  position, 
there  is  a  difference  in  a  typical  case,  of  a  utilization  efficiency 
varying  from  43  per  cent  to  53  per  cent ;  that  is,  merely  a  change 
of  a  fraction  of  an  inch  makes  a  difference  of  nearly  25  per  cent 
in  the  useful  lumens. 

If  we  are  to  continue  making  improvements  in  reflectors, 
and  if  there  is  a  likelihood  of  changes  in  lamps  and  filament  con- 
struction, then  it  is  wise  to  make  use  of  adjustable  holders. 
These  will  not  only  provide  for  changing  accessories,  but  also  for 
different  spacings.  I  want  to  compliment  the  railway  electrical 
engineers  on  this  forward  step,  providing  adjustable  stems  that 
carry  the  lamp  sockets  and  establishing  the  four  standard  holder 
positions. 

From  the  test  figures  given  to-night  it  appears  that  about  the 
best  coach  lighting  efficiency  is  in  the  neighborhood  of  40  per 
cent.  In  good  factory  and  office  lighting  installations  one  obtains 
in  the  neighborhood  of  50  per  cent  utilization,  hence  there  are 
possibilities  of  better  engineering  in  railway  and  street  car  light- 
ing, one  of  which  has  to  do  with  the  color  of  interiors. 
Any  railway  maintenance  man  knows  that  cleaning  is  a  subject 
for  considerable  ingenuity.  Soaps  are  sought  for  that  will  re- 
move grease,  but  not  affect  paints.  Acids  are  desired  to  cut 
grime  but  not  corrode  metal.     Paints  are  tried  which  will  adhere 
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to  all  manner  of  surfaces,  will  not  fade  or  discolor,  are  not 
browned  by  sulphurous  atmosphere,  and  which  will  give  fair  re- 
flections of  light.  Lighter  shades  of  paint  and  lighter  colors  of 
the  upper  parts  of  car  interiors  will  help  us  to  move  from  the  30  to 
40  per  cent  efficiency  class,  up  into  the  50  to  60  per  cent  class. 

From  the  engineering  point  of  view  there  is  no  reason  why 
the  railroads  need  continue  to  use  the  round  bulb  or  G  lamps. 
Type  B  or  vacuum  lamps  can  also  be  replaced  by  some  of  the 
new  gas  filled  lamps  in  standard  bulb  shapes,  particularly  when 
the  new  adjustable  holders  are  provided  to  prevent  such  lamps 
projecting  too  far  out  of  the  reflectors. 

In  the  past  we  have  been  securing  intensities  of  3  or  4  foot- 
candles  in  railway  coaches,  and  2  or  3  in  street  cars.  In  in- 
dustrial plants  we  have  gone  to  standards  of  10,  12,  or  15  foot- 
candles  with  resultant  decrease  of  accidents  and  a  gain  in  seeing 
ability,  and  I  hope  that  by  using  proper  holders,  gas  filled  lamps, 
lighter  colors  of  paints,  and  liberal  application  of  soap  and  water, 
we  will  soon  approach  such  intensities  in  car  lighting. 

In  street  cars  it  is  possible  to  double  the  useful  illumination 
by  placing  reflectors  on  the  lamps.  That  being  true,  it  is  strange 
that  street  car  manufacturers  do  not  install  reflectors  as  part  of 
the  standard  equipment.  Some  say  that  street  railway  companies 
generate  energy-  at  low  costs,  and  can  afford  to  waste  it.  But  can 
they?  Energy  at  the  power  house  is  relatively  cheap,  but  de- 
livered at  the  socket  in  the  car  is  another  thing.  In  street  cars, 
use  is  made  of  around  1.5  to  2.0  watts  per  square  foot,  with  the 
whole  ceiling  studded  over  with  bare  lamps.  The  loss  is  tremen- 
dous. Such  a  consumption  should  produce  easily  6  to  8  foot- 
candles  if  efficiency  converted  into  light  that  is  properly  directed. 

E.  E.  DoRTiNGS  In  connection  with  the  lighting  of  electric 
railway  cars  mention  should  be  made  of  a  very  important  matter, 
the  maintenance  of  lamp  outlets.  It  is  true  that  the  initial  equip- 
ment should  include  proper  reflectors,  lamps  and  spacing  of 
same  and  also  that  the  ceiling  and  side-walls  of  the  car  must  be 
light  in  color  and  kept  clean.  However,  the  real  problem  is  one 
of  replacement  where  lamp  failures  may  average  approximatelv 
I  per  cent  of  the  total  number  of  outlets  every  24  hours.  In  the 
I.  R.  T.  subway  we  have  about  2,000  cars  containing  49,000  out- 
lets.    These  cars  are  stored  at  various  yards  and  operated  over 
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different  lines.  The  lighting  system  consists  of  5  lamps  in  series 
off  the  third  rail  voltage  and  when  one  lamp  fails  four  more  go 
out  of  service  with  it.  Therefore,  the  problem  involves  replacing 
nearly  500  lamps  each  day,  and  all  of  the  cars  do  not  run  to  one 
specific  terminal. 

The  burned  out  lamps  are  not  discolored,  but  have  broken 
filaments  as  the  electric  railway  car  gives  a  tungsten  filament  lamp 
a  most  severe  test  so  far  as  mechanical  breakage  goes.  I  would 
suggest  that  the  engineers  of  the  various  lamp  manufacturers 
design  a  more  rugged  lamp  for  car  lighting. 

Permit  me  to  mention  another  important  matter,  the  method 
which  should  be  employed  by  consulting  engineers  or  public 
service  commissions  when  specifying  requirements  for  car  light- 
ing. For  instance,  the  Inter-borough  Rapid  Transit  Company  is 
working  under  a  specification  which  calls  for  3  foot  candles  on  a 
horizontal  plane  42  in.  above  the  floor  when  the  lamps  are  operat- 
ing at  85  per  cent  of  the  sub-station  voltage.  This  specification 
may  be  correct  for  some  railways  having  a  great  drop  in  line  volt- 
age due  to  lack  of  copper,  and  no  doubt  the  specification  was  in- 
tended for  this  particular  condition.  In  the  New  York  Subway 
cars  the  average  line  voltage  is  approximately  97  per  cent  of  the 
sub-station  voltage  and  hence  the  lamps  actually  produce  from 
6.5  to  7.5  foot  candles. 

J.  A.  Summers:  I  am  in  sympathy  with  Mr.  Dortings 
desire  for  a  more  rugged  lamp,  and  I  know  that  the  lamp  manu- 
facturers are  making  every  effort  to  develop  such  a  lamp. 
Beyond  doubt  more  care  should  be  given  to  proper  maintenance. 
It  is  difficult  to  keep  a  white  or  light-tinted  head-lining  clean  but 
a  cheerful  looking  street  car  is  certainly  in  demand  and  better 
lighting  with  light  colored-finish  will  aid  materially  in  getting  it. 

GivORGK  HuLSE:  In  regard  to  Mr.  Ely's  question  as  to  the 
c(iui]n-nent  of  new  cars,  it  is  to  be  noted  that  a  considerable  number 
of  new  cars  are  at  present  being  e(iuipi)ed  with  gas,  but  of  course 
not  as  large  a  proportion  as  there  was  several  years  ago. 

As  regards  the  e(|uipmcnt  of  cars  which  are  being  rci)aired, 
or  rebuilt,  I  should  say  thai  in  some  instances  electric  lanii)s  are 
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being  applied  in  the  place  of  gas,  and  that  in  other  instances,  gas 
lamps  are  being  substituted  for  oil  lamps. 

As  regards  Mr.  Ely's  suggestion  in  reference  to  wiring 
freight  cars  so  that  the  interior  of  these  cars  can  be  illuminated 
at  transfer  stations,  the  expense  would,  of  course,  be  a  very 
considerable  item  when  the  number  of  freight  cars  in  service  is 
considered.  It  would  also  be  practically  impossible  to  maintain 
the  equipment  on  these  cars  and  to  have  lamps  in  the  sockets 
when  they  are  needed.  I  believe  that  the  requirement  is  pretty 
well  taken  care  of  by  the  use  of  portable  lamps  installed  at  points 
where  the  illumination  of  the  cars  would  be  needed. 

Regarding  Air.  Porter's  inquiry  as  to  depreciation  in  the 
illumination  in  postal  cars,  I  believe  that  the  depreciation  is  kept 
pretty  well  inside  the  figure  40  per  cent.  I  have  no  figures  as  to 
the  aggregate  depreciation,  but  do  know  that  a  good  reflector  will 
show  a  depreciation  of  not  over  25  per  cent,  in  its  worst  con- 
dition. The  postal  cars  have  to  be  pretty  well  inspected  to  keep 
the  lighting  equipment  in  good  order  as  the  railway  mail  officials 
insist  that  this  be  done. 

The  adoption  of  standard  holder  positions  by  the  Association 
of  Railway  Electrical  Engineers,  together  with  the  fact  that  many 
of  the  fixtures  are  made  so  that  they  are  easily  adaptable  to  any 
of  the  standard  positions,  will  result  in  lamps  and  reflectors  being 
properly  used  to  give  the  best  illumination  results,  with  the 
proper  screening  of  the  filament. 

It  has  been  found  by  placing  a  type  C  lamp  a  little  higher 
than  its  theoretical  position,  satisfactory  illumination  is  obtained 
with  an  increase  in  the  screening  angle  of  the  reflector. 

It  should  be  noted  that  the  illumination  values  which  I  have 
given  are  those  on  the  45°  slope  as  the  reading  plane.  The 
illumination  on  the  horizontal  plane  will  run  from  50  per  cent  to 
60  per  cent  higher  than  the  values  given  in  the  paper. 

An  observation  of  the  illumination  in  the  Pullman  sleeping 
cars  at  the  present  time  will  I  think  convince  one  that  ample 
illumination  is  being  provided.  The  illumination  is  about  4.5 
ft-candles  on  a  45°  plane  which  would  mean  about  7  ft-candles 
on  a  horizontal  plane.  As  already  stated,  the  amount  of 
electrical  power  available  for  car  lighting  is  limited,  and  it  is 
better  to  use  an  installation  which  can  be  operated  at  the  max- 
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imum  efficiency  than  to  install  equipment  to  give  higher  illum- 
ination, but  which,  due  to  the  limitations  of  the  source  of  energy, 
might,  for  a  considerable  part  of  the  time,  be  operated  below  its 
maximum  efficiency  and  really  delivering  less  illumination  than 
the  smaller  but  more  efficient  equipment. 
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SOME  DIFFICULTIES  IN  SCHOOL  LIGHTING* 


BY  FRANK  H.   WOOD** 


The  requirements  governing  the  Hghting  of  school  rooms  to 
be  used  for  study  and  recitation  purposes  are  few  in  number, 
simple  in  statement,  easy  to  justify,  and  it  would  appear  not 
difficult  to  carry  into  effect.     They  are  in  brief  as  follows : 

Windows   are  to  be  grouped  on  the  left  of  the  pupils 

as  seated,  and  directly  opposite  their  desks,  none  reaching 

beyond  the  line  of  the  front  desks. 

They  must   extend  to  the  ceiling  and  in  area  must   be 

equal  to  one-fifth  of  the  area  of  the  floor. 

Their  height,  measured  from  the  floor,  must  be  at  least 

one-half  of  the  width  of  the  room. 

They  must  be  without  transoms  or  unnecessary  width  of 

muntins  or  mullions. 
It  all  seems  simply  a  question  of  measurement  and  calculation 
involving  the  use  of  the  yard  stick  and  elementary  computations. 
But  there  are  other  considerations  and  some  real  difficulties  to 
meet.  First  of  all,  there  is  the  architect,  who  is  a  ver}^  real 
factor  in  the  problem.  He  has  his  troubles  with  us,  and 
we  with  him,  but  we  get  on  very  nicely  together  notwithstanding. 
We  could  not  afford  to  do  otherwise,  for  we  could  not  get  on 
without  him.  The  main  difficulty  with  architects  lies  with 
their  training,  their  instructors  and  teachers.  They  have  been 
taught  altogether  too  largely  to  take  up  their  position  outside 
and  look  in,  and  all  too  little  to  take  their  position  inside  and 
look  out.  We  are  obliged  to  adopt  the  view  that  the  school  is 
for  the  child,  that  it  is  his  civic  home  during  the  best  hours  of  the 
day  throughout  childhood  and  youth,  that  he  is  the  ward  of 

•    A  paper  read  before  the  New  York  Section  of  the  I.  E.  S.  on  May  u,  1921,  by  Dr. 
William  A.  Hov/e  of  the  New  York  State  Board  of  Education. 
**    New  York  State  Board  of  Education,   Albany,  N.  Y. 


Il8      TRANSACTIONS  I.   E).  S.      VOI,.  XVI,   NO.  6,  AUG.   30,    I92I 

the  State  while  in  the  pubHc  school,  obliged  to  be  there  by  the  laws 
of  the  State,  and  that,  consequently,  the  first,  foremost  and 
determining  factor  in  the  planning  and  construction  of  a  school- 
house  is  fitness  for  the  pupil's  use,  for  his  comfort,  health  and 
general  welfare.  It  is  accordingly  our  practice  in  all  questions 
involving  the  planning  of  school  buildings,  to  invite  the  architect 
inside  to  a  seat  with  us  beside  the  pupil,  and  from  that  vantage 
ground,  work  out  our  problems  together. 

Transoms,  diminutive  panes  of  glass,  the  shaping  and  placement 
of  windows  to  carry  out  some  particular  style  or  type  of 
architecture,  for  example,  must  give  way  whenever  needful  to 
insure  for  the  pupil  every  advantage  of  one  of  God's  greatest 
and  most  abundant  gifts  to  man — light. 

It  is  not  at  all  easy  at  times  to  overcome  all  difficulties  that 
present  themselves,  that  is, 

1.  To  have  multiple  windows  instead  of  piers  in  class 
and  study  rooms  or  when  piers  are  necessary,  to  reduce 
them  to  the  narrowest  width; 

2.  To  have  windows  extend  as  close  as  possible  to  ceil- 
ing, and  so  group  them  as  to  be  directly  opposite  the 
pupils'  desks  without  projecting  beyond  the  line  of 
the  front  desks ; 

3.  To  leave  the  wall  opposite  the  windows  free  for 
blackboards  so  that  the  pupils  may  have  the  benefit 
of   directly  reflected  light; 

4.  To  keep  the  width  of  all  class,  study  and  recitation 
rooms  within  twice  the  distance  from  floor  to  window 
top.  Persistent  study  and  intelligent  skillful  plan- 
ning can  and  usually  do  smooth  out  these  difficulties. 

The  extraordinary  high  cost  of  construction  that  has  prevailed 
in  recent  years  has  aggravated  the  situation  greatly,  as  it  neces- 
sarily entails  an  increase  of  expense  to  meet  some  of  these  re- 
quirements. Where  the  amount  available  is  limited  to  an  absolute 
fixed  appropriation,  and  that  appropriation  is  too  small  to  secure 
what  is  needed,  to  say  nothing  about  what  is  wanted,  the  task 
inevitably  comes  to  be  a  hard  one  to  solve. 

OLD  BUILDINGS 
Our  most  serious  and  difficult  problem,  and  at  the  same  time 
probably  our   most   important   one   is   in   dealing  with   our   old 
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buildings,  of  which  there  is  legion,  buildings  that  have  been 
Avith  us  long,  many  of  which  presumably  will  continue  to  linger 
with  us  for  years  to  come.  Some  of  them  can  be  improved  for 
temporary  use  at  nominal  expense.  A  few  can  be  remodeled  and 
enlarged  but  most  of  them  will  need  to  be  replaced.  Naturally 
enough  it  is  in  the  replacement  of  the  building  that  the  greatest 
difficulty  is  experienced.  When  people  look  at  a  building  that 
they  have  always  known,  it  is  apt  to  look  to  them  as  it  always 
has.  This  is  particularly  true  of  structures  that  have  been  well 
maintained  and  present  a  good  exterior  appearance,  even  though 
in  interior  arrangements  they  may  not  comply  with  any  of  the 
statutery  standards  prescribed  for  the  construction  of  school 
buildings.  The  general  public  is  not  informed  on  these  points, 
is  not  acquainted  with  these  standards,  and  frequently  is  ignorant 
of  their  existence.  Moreover,  the  general  public  rarely  sees  the 
building  from  within. 

School  buildings  cannot  be  constructed  or  remodeled  without 
money  which  cannot  be  secured  except  through  bond  issue  or, 
as  in  rare  instances,  by  direct  tax.  A  bond  issue  must  be  author- 
ized directly  by  the  people  or  as  in  some  of  our  cities,  indirectly 
through  their  chosen  representatives.  Hence,  it  becomes  neces- 
sary to  educate  the  people,  to  inform  them  concerning  the  essential 
qualities  of  a  satisfactor}'  building  and  to  lead  them  to  see  for 
themselves  when,  and  to  what  extent,  their  own  school  falls  short: 
of  these  standards.  It  is  through  such  a  campaign  of  education, 
intelligently  and  persistently  carried  out,  that  so  many  new, 
modern  school  buildings  have  come  into  being  in  recent  years, 
especially  since  the  present  building  law  was  enacted  seventeen 
years  ago.  This  is  largely  responsible  also  for  the  growing  wide- 
spread interest  in  the  construction  of  modem,  up-to-date  build- 
ings at  the  present  time. 

In  this  connection,  it  is  interesting  to  note  that  the  existing 
school  building  program,  either  already  adopted  in  cities  and 
villages  of  New  York  State,  or  definitely  planned  for  adoption, 
will  involve  an  expenditure  of  approximately  one  hundred  mil- 
lion dollars.  It  may  be  more  than  that  as  this  estimate  is  from 
data  which  from  the  nature  of  the  case  must  be  quite  incomplete. 

The  improper  lighting  of  old  buildings  is  the  most  common 
defect  and  usually  the  most  difficult  one  to  remedy.     Frequently 
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the  defect  proves  impossible  of  solution.  Either  the  ceilings 
are  too  low,  the  rooms  are  too  deep,  the  short  side  in- 
stead of  the  long  side  of  the  room  is  on  the  exposed  wall,  smoke 
stacks  or  other  obstructions  are  found  in  the  outer  walls  of  the 
building,  or  it  may  be  that  these  walls  are  structurally  too  weak 
to  admit  of  the  extensive  changing  of  windows  necessary  to 
comply  with  the  requirements.  The  projection  lantern  has  proved 
a  great  help  in  illustrating  these  conditions,  in  making  it 
possible  to  distinguish  between  good  and  bad,  and  in  enabling 
people  to  visualize  for  themselves.  Every  new  building  serves 
as  a  fresh  object  lesson  to  help  on  further  undertakings,  the 
accumulative  effect  of  which  will  facilitate  progress  in  an  ever 
increasing  degree. 

WINDOW  SHADES 

One  of  the  most  troublesome  problems  in  connection  with 
lighting,  one  that  seems  particularly  difficult  of  solution,  is  that 
of  window  shades,- — there  selection,  proper  method  of  hanging 
and  doubtless  the  most  difficult  of  all  to  reach  and  solve,  their 
systematic  and  intelligent  use. 

The  window  shades  found  in  schools  are  almost  invariably  too 
dark  and  too  heavy  and  compact  in  texture.  The  purpose 
controlling  their  selection  seems  to  have  been  to  secure  material 
that  would  not  show  soil  and  that  would  wear ;  in  short,  to  save 
expense.  So  great  and  general  has  been  the  demand  for  shades 
of  this  description,  both  in  school  buildings  and  elsewhere, 
that  it  is  well  nigh  impossible  to  find  satisfactory  shades  at  local 
stores.  One  of  the  unanswered  questions  that  has  frequently 
been  in  the  mind  of  the  writer  is  this :  what  workable  plan  can 
be  devised  to  make  it  not  only  possible  but  easy  and  desirable  for 
districts  to  secure  suitable  shades  at  a  low  cost.  The  item  of 
cost  is  one  for  real  consideration,  particularly  with  our  ten 
thousand  rural  schools. 

As  already  suggested,  it  is  common  to  find  shades  that  are 
opaque,  or  nearly  so,  instead  of  translucent.  When  rolled 
there  is  nothing  to  debar  the  direct  rays  of  the  sun.  When  un- 
rolled, the  light  is  usually  excluded.  The  texture  of  shades 
should  be  such  as  vv^ill  shut  out  the  direct  rays  of  the  sun,  and 
at  the  same  time,  admit  the  maximum  amount  of  light  without 
creating  a  glare. 
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Another  difficulty  arises  from  the  fact  that  shades  are  com- 
monly fastened  at  the  top  of  the  casing  and  are  usually  left  half 
unrolled,  not  only  on  clear  days  during  the  hours  when  the  sun's 
rays  do  not  strike  the  windows,  but  also  on  cloudy  days  when 
every  square  inch  of  glass  surface  is  at  a  premium.  Hence  the 
upper  half  of  the  window',  which  represents  at  least  two-thirds 
of  its  efficiency  as  a  medium  of  light,  that  portion  through  which 
the  light  is  thrown  into  the  far  side  of  the  room  and  on  the  black- 
board,— -which  should  be  directly  opposite  the  windows, — becomes 
largely  useless,  particularly  when  the  shades  are  opaque. 
This  problem  can  be  much  simplified  by  the  use  of  approved 
fixtures  and  proper  hanging. 

The  best  method,  barring  possibly  the  single  shade  with  patent 
movable  fixtures,  is  to  have  shades  to  each  window  fastened 
midway  with  overlapping  fixtures,  one  to  draw  up  and  one  down. 

Yet,  however  well  the  windows  are  arranged  and  however 
intelligently  selected  and  hung  the  shades  may  be,  the  object  in 
view  will  be  set  at  naught,  to  a  greater  or  lesser  degree,  if  the 
shades  are  not  given  systematic  and  intelligent  attention.  Of 
course,  this  is  a  duty  that  falls  directly  on  the  teacher,  and 
hence  the  teacher  should  make  a  careful  study  of  the  matter  and 
give  it  constant  systematic  attention  until  it  becomes  a  habit  of 
action. 

Now  this  would  be  an  easy  solution  of  this  part  of  the  prob- 
lem if  the  practice  to  which  I  have  alluded  could  be  adopted  and 
carried  out,  but  it  has  not  been  made  a  common  practice  nor  will 
it  be  made  such  until  some  concerted  action  is  taken  whereby  a 
well  defined  plan  is  laid  down  to  accomplish  this  object,  and  is 
then  given  careful,  intelligent,  persistent  supervision  under  the 
direction  of  a  central  authority. 

INTERIOR  FINISH  AND  TRIM 

To  one  who  has  had  either  the  experience  or  a  favorable  oppor- 
tunity of  observation,  the  forbidding  appearance  of  the  dark 
gloomy  school  rooms  that  used  to  be  found  almost  everywhere, 
and  still  predominate  in  many  localities,  will  ever  remain  a  vivid 
recollection  of  the  seamy  side  of  school  life  as  it  was,  and  to  a 
large  extent,  it  still  lives.  It  is  picture  that  reflects  no  sparkle 
of  brightness,  no  traces  of  beauty.     With    walls    and    ceilings. 
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either  of  wood  stained  dark  or  painted  a  dull  lead,  or  of  plaster 
finished  in  like  colors,— anything  cheap,  easy  to  apply,  dirt  absorb- 
ing but  Pharisee-like,  not  dirt  disclosing— it  is  not  strange  that 
even  light  itself  seems  to  shun  such  rooms. 

Slowly  our  people  are  coming  to  recognize  the  fact  that  we 
must  have  suitable  light-reflecting  wall  surfaces  in  order  to 
have  properly  lighted  rooms,  as  well  as  rooms  that  are  pleasing 
and  attractive.  We  are  coming  to  understand  that  dark,  dull 
walls  will  not  reflect  hght  but  instead,  will  absorb  it,  that  rooms 
with  insufficient  window  area  can  be  made  lighter  as  well^  as 
brighter  and  more  cheerful  with  suitable  wall  and  ceiling  finish, 
than  rooms  amply  provided  with  windows  but  having  dark  non- 
reflecting  wall  surfaces. 

The  large  amount  of  wall  area  set  apart  for  blackboards 
makes  it  particularly  needful  to  guard  against  other  light- 
absorbing  surfaces.  Further,  aside  from  the  teacher's  black- 
board in  front,  it  has  been  the  practice  of  the  New  York  State 
Board  of  Education  to  limit  blackboards  to  the  side  opposite  the 
windows.  For  this  and  for  other  reasons,  we  feel  that  this  is  an 
allowance  that   should  not  be  exceeded. 

ORIENTATION   OF   SCHOOL   BUILDING 
The  proper  orientation  of  the  school  building  has    not    been 
easy  to  secure.     However  good    progress,  can    be    reported  in 
these  later  years.     School  boards  and  architects  are  giving  atten- 
tion to  this  problem  as  never  before,  particularly  the  latter,  as 
they  are  well  aware  that  every  set  of  plans  submitted  for  approval 
is  to  be  considered  and  criticised  from  this  standpoint,  as  well 
as  the  points  specifically  mentioned  in  the  Building  Act  itself, 
It  is  not  infrequently  difficult— at  times  impossible— to  acquire 
a  site  in  which  the  long  axis  of  the  buildng  will  run  north  and 
south  as  is  needful  in  order  to  light  the    school  rooms  from  east 
and  west,  as  is  particularly  desirable.     Then  too,  in  comparatively 
small  buildings  of  the  usual  square  type,  it  takes  persistent  study 
and  skillful  planning  to  limit  the  admission  of    light    to    these 
two  directions.     While  contrary  to  our  desire  and  purpose,  it 
is  at  times  necessary  to  approve  north  and  south  light  in  some 
rooms  other  than  those  set  apart  for  drawing,  science  work  in- 
volving the  use  of  the  microscrope,  and  other  lines  of  special 
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work.  On  the  whole,  however,  standards  adopted  for  the 
orientation  of  school  buildings  have  proved  both  desirable  and 
practicable  and  the  general  enforcement  of  them  necessary. 

ARTIFICIAL  ILLUMINATION 

It  is  interesting  and  gratifying  to  note  that  there  is  a  growing 
tendency  to  use  semi-indirect  lighting  in  the  artificial  illumination 
of  school  buildings,  though  it  must  be  regretfully  added  that  the 
fixtures  commonly  found  are  still  the  direct  type.  This  leads 
to  the  making  of  an  explanatory  statement. 

Just  prior  to  the  long  summer  vacation,  it  is  proposed  to  issue 
a  general  circular  of  information  and  advice  to  trustees  and 
school  boards  on  points  relating  to  the  renovation  and  improve- 
ment of  school  building.  If  this  plan  is  carried  into  effect,  we 
will  want  to  include  a  concise  illuminating  statement  regarding 
the  artificial  lighting  of  school  buildings  and  would  be  pleased 
to  have  the  Illuminating  Engineering  Society  submit  such  a  state- 
ment for  insertion. 

It  has  been  our  endeavor  to  direct  attention  to  the  most  com- 
mon difficulties  that  are  met  and  must  be  overcome  to  secure 
satisfactor}',  natural  lighting  of  school  buildings,  and  also  in 
so  doing  to  point  out  the  directions  that  our  efforts  are  taking. 
This  whole  matter  has  been  a  growth  and  development — as  indeed 
is  education  itself — and  all  matters  pertaining  to  it.  We  live 
under  a  democracy.  The  people  rule,  as  they  have  a  way  of 
informing  us  in  no  unmistakable  fashion,  when  they  become 
dissatisfied  with  the  acts  of  their  representatives,  of  which  fact 
we  have  had  an  impressive  illustration  within  the  year.  If 
water,  therefore,  will  not  rise  higher  than  its  level,  we  must 
either  raise  its  level  or  overcome  resistence.  In  other  words,  a 
people  must  be  trained  and  educated.  "A  free  people  must  be 
an  educated  people."  It  is  needful  to  proceed  by  steps 
rather  than  by  leaps  and  bounds.  To  do  otherwise,  is  to  invite 
reaction  and  retrogression,  as  has  been  strikingly  illustrated  in 
certain  educational  legislation  in  recent  years.  All  agencies, 
therefore,  that  are  designed  to  educate,  to  enlighten,  to  lift  to 
higher  levels  in  ways  of  living,  and  to  advance  the  happiness  and 
well-being  of  mankind  are  to  be  hailed  as  agencies  of  civilization — 
messengers  of  the  Almighty.  Such  an  agency  is  the  Illuminat- 
ing Engineering  Society,  at  whose  courteous  and  insistent  request 
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this  paper  has  been  hastily  prepared. 

On  the  title  page  of  your  Transactions,  I  find  this  statement, 
"Founded  in  1906  for  the  Promotion  of  the  Science  and  Art  of 
Illumination."  A  high  and  important  aim  and  purpose  is  herein 
expressed,  which  the  fifteen  years  of  your  existence  have  seen 
carried  into  effect,  I  dare  say,  far  beyond  your  original  expec- 
tations and  hopes. 

Within  the  month  one  of  the  chief  consulting  architects  of 
the  country  from  the  mid-west,  in  a  personal  interview  at  the 
New  York  State  Education  Department,  stated  that  in  his  judge- 
ment the  findings  of  the  Illuminating  Engineering  Society  were 
the  best  guide  in  artificial  illumination  with  which  he  was  con- 
versant and  that  he,  himself,  was  governed  by  them. 

Some  years  ago  your  recommendations  were  also  adopted 
as  the  rule  and  guide  of  the  New  York  State  Education  Depart- 
ment in  the  artificial  illumination  of  school  buildings,  as  may  be 
seen  by  referring  to  our  building  code,  page  38. 

One  has,  therefore,  but  to  contemplate  how  many  millions 
of  children  are  now  housed  and  are  hereafter  to  be  housed  in 
schools  where  the  standards  prescribed  by  your  body  govern  and 
control,  to  have  some  adequate  conception  and  appreciation  of 
the  importance  and  far-reaching  influence  of  the  constructive 
work  that  has  already  been  accomplished  by  the  Society. 

It  is  indeed  a  gratification  and  satisfaction  to  have  this  op- 
portunity to  express  this  word  of  appreciation  and  to  give  assur- 
ance that  we  deem  it  a  duty  as  well  as  a  privilege  and  pleasure 
cO  co-operate  with  you  to  the  extent  of  our  ability  in  spreading 
this  "gospel  of  light." 

DISCUSSION 
Dr.  W11.LIAM  M.  Howe  :  I  have  been  impressed  so  often  with 
the  fact  that  so  many  of  our  children  are  being  permitted  to 
acquire  ocular  defects  so  soon  after  admission  to  school.  While 
we  are  correcting  thousands  of  these  defects  year  by  year,  it 
is  unfortunately  true  that  practically  as  many  thousands  are 
appearing  each  year  on  the  scene.  I  hope  that  you,  as  experts 
in  matters  of  lighting,  may  be  able  some  day  to  tell  us  what  is 
normal  light  for  a  normal  eye;  what  is  a  normal  distance  for 
use  for  a  normal  eye;  and  what  is  a  normal  angle  for  use  for 
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a  normal  eye.  I  believe  that  your  work  is,  and  should  be,  very 
closely  articulated  with  our  general  program  of  health  work  in 
schools.  I  believe  that  in  time  any  school  service  that  does  not 
prevent  most  of  these  ocular  defects,  with  which  we  are  meetin- 
so  often,  will  be  considered  inefficient  and  derelict  in  its  duty  to 
school  children.  There  is  something  intrinsically  wrong  in  any 
educational  system  that  permits  from  eight  to  fifteen  per  cent  of 
our  children  to  acquire  defective  vision  within  the  few  vears  of 
their  school  lives.  Few  children,  as  you  may  know,  are  born 
with  defective  eyes. 

What  is  wrong?  Are  we  sending  our  children  to  school  too 
)^oung?  Are  we  exacting  of  them  too  much  close  application  in 
the  use  of  their  eyes  while  the  eye  is  in  its  most  delicate  and 
plastic  state?  Are  we  subjecting  them  to  bad  lighting  con- 
ditions? Are  we  permitting  their  eye  to  become  so  fatigued  as 
to  be  of  immediate  and  ultimate  injury? 

Personally  I  feel  there  is  a  combination  of  these  and  other  con- 
tributing causes.     In  the  department  we  are  intensely  interested 
in  the  prevention  of  physical  defects.     While  last  year  we  had 
more  than  141  000  corrections  reported  to  us  from  the  schools 
in  W  York  State,  exclusive  of  New  York,  Buffalo  and  Roches- 
ter, It  IS  safe  to  say  that  practically  the  same  number  of  new  de- 
fects will  appear  this  year.     Greater  and  more  intensive  efforts 
must  be  made  to  prevent  physical  defects  among  our  children. 
kT'u    ?.  '''''  ^''^^^'^  opportunity  to  render  to  them  the  best 
possible  health  service.    In  so  far  as  this  preventive  work  applies 
to  vision,  you,  as  experts  in  lighting,  can  and  should  do  much  to 
normalize,  as  it  were,  the  lighting  of  the  buildings  in  which  our 
children  are  housed.     There  is  no  doubt  in  my  mind  that  many 
of  the  defects  with  which  we  meet  are  due  to  bad  housing  con- 
ditions.   So  far  as  these  conditions  pertain  to  the  eye  I  can  think 
of  no  one  thing  that  is  so  contributory  as  thst  of  bad  lighting. 

Not  so  long  ago,  our  attention  was  called  to  two  rooms  in  a 
rural  school  m  which  there  were  75  children,  48  of  whom  had 
some  degree  of  detective  vision.  That  little  building  was  beauti- 
fully situated  under  some  elm  trees,  the  branches  of  which  had 
grown  over  and  shaded  the  building,and  the  window  space  was 
only  60  per  cent  of  normal.    The  children  who  sat  nearest  to  the 
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light  suffered  the  least,  those  farthest  away  from  the  light  suf- 
fered the  most.  It  appeared  to  be  a  matter  of  quantity  and  of 
distance  from  the  window.  The  eye  away  from  the  window  suf- 
fered more  than  the  eye  near  the  window.  It  was  a  forcible  dem- 
onstration— a  striking  one — of  the  evils  of  bad  lighting  and  of 
the  necessity  of  good  light  well  distributed.  This  condition,  under 
the  direction  of  Mr.  Wood,  was  corrected  and  the  eyes  of  the 
children  rapidly  improved.  We  have  failed  in  the  past  to  ap- 
preciate fully  the  close  etiological  relation  existing  between  many 
physical  defects  and  bad  building  conditions. 

In  our  work  in  the  Department,  of  which  we  are  thinking  as 
health  service  work,  we  subdivide  it  into  eight  divisions.  That 
of  school  buildings  and  grounds  is  presided  over  by  Mr,  Wood, 
the  author  of  the  paper  of  the  evening.  He  has  direction — not 
only  of  lighting  of  school  buildings  but  the  ventilating,  the  clean- 
ing, the  general  sanitation  of  buildings  and  premises.  He  is 
rendering  to  New  York  State  a  most  valuable  service. 

As  a  Society  and  as  individuals,  you  ought  to  keep  more  in 
touch  with  the  activities  of  the  director  of  school  buildings  and 
grounds.  In  his  paper  to-night  Mr.  Wood  deals  naturally  with 
the  subject  of  lighting.  Other  features  of  his  work  are  equally 
important  and  influential  in  their  relations  to  physical  and  moral 
health. 

We  are  coming  to  believe  more  and  more  that  there  is  some- 
thing inherent  in  sunlight  that  is  largely  contributory  to  health. 
This  thought  is  being  utilized  in  dealing  with  tubercular  con- 
ditions such  as  bone  tuberculosis,  tubercular  arthritis  and  tuber- 
cular peritonitis.  It  has  been  found  that  by  exposing  gradually 
the  surface  of  the  body  to  the  rays  of  the  sun  to  an  increasing 
degree  that  a  something  is  absorbed  or  at  least  taken  into  the  sys- 
tem which  destroys  the  activity  of  the  tubercular  bacillus.  We 
know  that  a  green  plant  placed  in  the  cellar  or  deprived  of  the 
light  fades,  withers  and  dies.  It  is  just  so  with  the  human  body. 
It  must  have  day  light,  the  rays  of  the  sun  to  thrive. 

Whether  you  people  as  scientists  will  ever  be  able  to  create 
artificially  this  particular  kind  of  light,  with  its  inherent  proper- 
ties, is  indeed  a  great  problem.  You  have,  of  course,  produced 
a  physical  daylight  but  has  it  the  same  wonderful  therapeutic 
properties  as  God's  daylight. 
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We  know  that  the  most  destructive  force  we  have  to-day 
against  germ  Hfe,  is  that  of  the  sun's  rays. 

We  know  that  radium,  or  its  emanating  rays  as  well  as  the 
X-rays  exert  a  curative  influence  over  certain  diseased  conditions, 
such  as  cancer,  that  may  be  of  germ  origin.  But  we  also  know 
that  these  powerful  agencies  must  be  used  in  a  limited  manner, 
less  they  destroy  healthy  tissue.  There  is  something  superhuman 
in  light,  both  solar  light  and  artificial  light  and  the  last  word 
has  not  as  yet  been  spoken.  I  believe  we  are  just  entering  a 
wonderful  field  for  the  investigation  of  the  influence  of  light  on 
the  internal  mechanism  of  man.  I  believe  it  will  be  found  ulti- 
mately that  a  normal  light  is  essential  to  normal  human  growth 
and  to  human  functions,  as  it  is  to  vegetable  life.  I  feel  that  we 
have  failed  to  appreciate  the  true  relation,  the  real  dependence 
of  human  life  on  light.  It  is  a  great  problem  of  life,  of  growth, 
or  even  of  existence.  It  has  much  to  do  with  this  wonderfully 
complicated  machine,  in  which  God  in  his  wisdom  has  placed  our 
soul. 

I  believe  the  time  will  come  when  we  will  measure,  in  more 
definate  terms  and  utilise  in  a  more  practical  manner,  this  real 
influence  of  light. 

I  have  spent  most  of  to-day  in  conference  with  a  committee  of 
the  National  Health  Council.  This  organization  has  $200,000 
with  which  to  make  an  intensive  study  of  health  conditions  among 
school  children  in  some  selected  municipality  in  this  country.  It 
purposes,  I  believe,  to  include  all  phases  of  health.  It  would 
seem  that  your  Society,  or  at  least  your  interests,  ought  to  be 
identified  with  this  important  piece  of  health  work.  Dr.  L.  Emmet 
Holt  of  this  city  is  an  active  member  of  the  Council.  It  might 
be  well  for  some  of  you  people  to  get  in  touch  with  him. 

D.  McFarlan  Moore:  Until  a  few  years  ago,  school  rooms 
and  school  buildings  were  used  comparatively  infrequently  at 
night.  But  to-day  all  that  has  changed,  due  to  the  increasing 
prevalence  of  night  schools,  together  with  the  fact  that  school 
buildings  are  used  for  civic  work.  The  public  at  large  is  vitally 
interested  in  the  lighting  of  all  school  buildings. 

If  an  architect  is  remiss  in  his  work,  it  means  that  the  work  of 
the  illuminating  engineer  is  that  much  more  difficult.     And  con- 
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versely,  no  matter  how  well  the  architect  may  do  his  work,  if  a 
poor  illuminating  engineer  is  employed,  he  can  easily  destroy  the 
work  of  the  best  of  architects.  And  yet,  perhaps,  it  is  not  the 
beauty  of  the  building  that  should  concern  us  most,  but  rather 
we  are  concerned  in  the  destruction  of  the  eyesight  of  children. 
The  co-operation  between  the  architect  and  the  illuminating  engi- 
neer is  absolutely  essential  in  order  to  bring  about  the  desired 
result.  We  had  hoped  this  evening  to  have  a  representative  of 
the  architectural  profession  to  discuss  this  important  subject  from 
the  viewpoint  of  the  architect,  but  he  has  been  detained.  How- 
ever, one  of  our  past  presidents  and  one  of  our  most  prominent 
illuminating  engineers  is  with  us  and  he  will  discuss  the  subject 
from  the  viewpoint  of  the  illuminating  engineer. 

G.  H.  Stickney  :  The  message  of  Dr.  Howe  and  Mr.  Wood  is 
certainly  inspiring  to  the  illuminating  engineers  who  have  been 
working  more  or  less  altruistically  in  this  field  of  lighting  which 
is  of  such  great  importance  to  the  country  but  relatively  non- 
productive in  a  business  way.  It  is  gratifying  to  see  the  efforts 
of  the  Society  thus  appreciated  and  supported  in  such  a  way  as 
to  accomplish  large  practical  results.  With  the  realization  that 
we  are  making  good  progress,  we  can  go  ahead  with  renewed 
determination. 

This  is  not  the  first  occasion  on  which  we  have  co-operated 
with  Dr.  Howe  and  the  School  Hygiene  Association  of  which  he 
is  president,  but  I  have  learned  to-night  for  the  first  time,  of 
the  strength  of  the  influence  which  they  are  exerting  in  behalf 
of  better  school  lighting. 

The  movement  is  making  good  progress  in  other  states  besides 
New  York.  For  example,  the  Wisconsin  authorities  are  preparing 
to  apply  the  I.  E.  S.  School  Lighting  Code  throughout  that  com- 
monwealth. 

I  have  been  asked  to  discuss  the  question  from  the  standpoint 
of  the  illuminating  engineer.  In  line  with  my  experience,  having 
comparatively  little  experience  with  daylighting  problems,  I  am 
likely  to  emphasize  those  of  artificial  lighting  more  than  their 
relative  importance  might  prescribe.  The  recent  activity  in  in- 
dustrial lighting  rather  suggests  a  comparison.  May  we  not 
consider  the  school  as  a  factory,  of  which  the  pupils  are  the  raw 
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material  in  the  process  of  being  made  into  useful  citizens,  in 
other  words,  our  most  precious  material  and  our  most  valuable 
product. 

With  this  conception,  it  is  evident  that  our  school  facilities,  of 
which  lighting  is  one,  should  be  the  very  best  possible. 

"Seconds"  in  a  factory,  represent  material  which  for  one  rea- 
son or  another  has  been  marred  in  the  process  of  manufacture. 
The  manufacturer  does  not  like  them;  they  sell  for  less,  and  may 
represent  a  loss ;  he  withholds  his  trade  mark  from  them.  If  too 
much  marred,  they  are  scrapped. 

It  is  a  pretty  serious  matter  when  we  produce  "seconds"  in 
our  schools.  We  cannot  scrap  them.  Outside  of  the  individual 
losses,  the  whole  nation  suffers. 

Where  is  the  great  value  of  the  training  if  it  produces  poor 
eyesight  to  limit  its  application? 

In  the  last  three  or  four  years  industry  has  come  to  appreciate 
the  value  of  better  lighting  as  a  means  for  increasing  production, 
and  raising  the  quality  of  the  product.  Now  a  workman  in  a 
factory  has  occasion  to  repeat  an  operation  many  times  until  he 
becomes  skilled  in  it,  and  does  not  need  to  observe  as  closely  as 
during  the  learning  period.  But  the  pupil  usually  passes  on  to 
another  operation  before  reaching  that  point.  His  work  con- 
tinually requires  close  visual  application  . 

The  experiments  of  Drs.  Ferree  and  Rand  (Eflfect  of  Varia- 
tions of  Intensity  of  Illumination  on  Functions  of  Importance  to 
the  Working  Eye,  Trans.  I.  E.  S.  Vol.  15  No.  9  page  769)  re- 
ported at  last  year's  convention,  indicated  that  strong  illumina- 
tion was  especially  beneficial  in  facilitating  clear  vision  of  astig- 
matic eyes.  I  believe  it  is  quite  difficult  to  assure  correct  refrac- 
tion in  the  growing  eyes  of  young  people.  So  that  strong  illum- 
ination is  one  of  the  essentials  of  avoiding  eyestrain  in  schools. 
Needless  to  say,  such  light  should  be  diffuse  and  free  from  glare. 

In  view  of  all  these  considerations,  it  is  obvious  that  school 
rooms  should  be  better  lighted  than  factory  work  rooms  or  of- 
fices where  corresponding  work  is  done.  My  observation  is  that 
reverse  is  true,  and  that  illuminating  engineers  are  not  succeed- 
ing in  getting  as  good  artificial  lighting  applied  for  school  children 
as  they  are  for  workmen. 
3 
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Perhaps  the  element  of  business  initiative  is  largely  responsible 
for  this  condition,  but  in  a  large  measure  it  is  due  to  the  fact  that 
schools  have  in  the  past  been  regarded  as  daylight  plants.  But 
artificial  lighting  is  becoming  a  more  and  more  important  fac- 
tor. In  large  cities,  high  buildings  cut  off  light,  so  that  lamps 
must  be  used  more  or  less  in  the  daytime,  while  night  schools  are 
becoming  more  common  and  are  an  important  factor  in  the 
Americanization  of  the  foreign  born. 

Even  from  a  selfish  standpoint  I  would  like  to  enlist  the  interest 
of  the  lighting  industry  with  the  argument  that  pupils  from  well 
lighted  schools  will  demand  better  lighting  in  all  other  activities. 

I  will  not  attempt  to  go  into  detail  as  to  principles,  and  methods 
of  school  lighting,  as  they  are  already  well  treated  in  the  Society's 
School  Lighting  Code.  (Trans.  I.  E.  S.  1918  Vol.  XIII  No.  3. 
page  187).    This  covers  both  natural  and  artificial  lighting. 

Daylight  is  of  course  to  be  preferred  when  and  where  it  is 
available,  but  to  my  mind  the  greatest  element  of  superiority  of 
daylight  over  good  artificial  lighting  is  quantity.  The  nature  of 
the  radiation  is  not  widely  different  from  that  of  artificial  light. 
We  can  secure  good  diffusion  of  artificial  light  and  usually  better 
control  of  distribution  than  with  daylight. 

At  equal  intensity  artificial  light  is  regarded  as  superior  to 
daylight  so  far  as  seeing  value  is  concerned,  and  some  Hghting 
codes  require  a  higher  minimum  for  natural  light. 

When  we  hear  ''over  lighting"  charged  against  artificial  light- 
ing we  recognize  it  as  the  glare  of  an  improperly  designed  instal- 
lation rather  than  excessive  quantity. 

Therefore  the  real  problem  of  artificial  lighting  of  schools  is 
due  to  the  expense  of  providing  a  comparable  amount  of  light. 

The  corridors  and  stairways  of  a  school  do  not  demand  any 
great  amount  of  light.  One  foot-candle  should  ordinarily  render 
them  safe,  and  two  to  three  foot-candles  make  them  attractive 
and  cheerful. 

The  class  rooms,  libraries,  drafting  rooms,  study  rooms,  and 
work  rooms,  require  more  light.  Work  rooms  can  well  follow 
the  practice  recommended  for  corresponding  classes  of  industrial 
work  rooms,  concerning  which  suggestions  are  made  in  the  I.  E.  S. 
Industrial  Lighting  Code  (to  be  reprinted  in  the  near  future)  and 
in  trade  publications. 
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Blackboards  should  have  dull  rather  than  glossy  surfaces  and 
should  receive  special  treatment. 

For  reading,  writing,  etc.,  the  requirement  corresponds  very 
closely  to  that  of  office  lighting.  We  are  commonly  providing 
twelve  to  fifteen  foot-candles  in  clerical  offices,  with  a  tendency 
to  employ  semi-indirect  equipment  when  there  are  light  ceilings. 

In  conclusion,  I  feel  that  I  voice  the  sentiment  of  the  illumin- 
ating engineers  in  saying  that  we  are  more  anxious  to  promote 
better  lighting  in  schools  than  in  almost  any  other  field,  and  far 
beyond  the  influence  of  any  possible  commercial  prejudice. 

M.  E.  SiEGEL :  We  have  about  2000  rooms  in  our  night 
schools  which  are  used  for  four  or  five  nights  a  week.  We  have 
been  greatly  concerned  with  the  problem  of  lighting  as  we  have 
with  the  problem  of  furniture.  In  general  the  lighting  of  our 
schools  is  as  good  as  is  found  in  any  part  of  the  country.  We 
have  competent  architects  and  illuminating  experts  but  there  is 
a  division  of  responsibility.  The  Department  of  Education  plans 
the  lighting  but  this  must  be  approved  by  the  Department  of 
Water  Supply,  Gas  and  Electricity,  which  also  supplies  the  lamps. 
Then  again  we  face  the  problem,  which  we  all  face,  of  upkeep 
Fixtures  are  not  cleaned  properly  by  the  janitors.  Then  there  is 
the  question  of  replacement.  The  result  is  that  lighting  in  our 
evening  schools  is  not  as  good  as  it  should  be. 

It  certainly  would  be  helpful  if  this  organization  would  take 
an  interest  in  the  lighting  of  the  night  schools.  I  do  not  know 
whether  you  have  given  very  much  thought  to  it.  We  have 
recently  made  some  tests  of  the  lighting  and  the  maximum  light- 
ing we  found  was  what  you  set  up  as  the  minimum.  The  maxi- 
mum seems  to  be  two  and  two  and  a  half  foot-candles.  I  should 
be  glad  to  see  this  increased  to  eight  and  ten.  If  according  to  a 
previous  speaker  that  is  not  too  good  for  an  office,  it  certainly 
is  not  too  good  for  a  class  room  used  at  night. 

I  should  be  happy  to  have  you  visit  our  schools  and  help  us 
in  any  way  you  can.  We  have  a  committee  representing  civic 
organization  for  the  purpose  of  improving  lighting  in  the  school 
buildings,  but  I  think  it  is  important  that  your  Society  should 
arouse  public  sentiment  on  this  important  matter.  I  welcome 
co-operation. 
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Norman  Macbeth  :  The  old  problem  comes  up  in  regard  to 
school  lighting — the  appropriation.  I  recall  a  meeting  here  with- 
in the  past  two  years  when  it  was  brought  out  that  lighting  in 
the  schools  could  be  considerably  increased  if  parents  would 
furnish  the  children  with  a  little  more  underclothing  and  the 
temperature  of  the  schools  could  be  kept  lower  than  was  general. 
In  other  words,  the  heating  of  the  schools  cost  more  than  light- 
ing. It  is  a  pity  that  schools  should  be  improperly  lighted  when 
it  would  cost  less  than  one  tenth  of  one  cent  per  hour  per  pupil. 
Lighting  costs  money.  But  a  far  greater  return  is  always  made 
than  is  represented  by  a  similar  expenditure  in  any  other  school 
necessity. 

Dr.  Howe,  in  speaking  of  the  value  of  sunlight,  referred  also 
to  daylight,  and  used  the  illustration  of  a  plant  taken  from  sun- 
light into  the  darkness  of  the  cellar.  I  believe  there  are  some 
conditions  due  to  sunlight  that  are  not  present  with  daylight.  If 
you  pay  any  attention  to  lawns,  you  know  that  you  have  to  get 
a  certain  kind  of  lawn  seed  if  you  have  shade  trees.  This  shaded 
grass  will  get  daylight  but  not  sunlight.  It  may  be  that  the  ultra 
violet  and  the  light  of  shorter  wave  lengths  have  therapeutic 
qualities  that  we  do  not  get  with  daylight. 

Mr.  Stickney  referred  to  the  fact  that  all  school  room  interiors 
can  be  more  satisfactorily  lighted,  as  far  as  the  distribution  of 
light  is  concerned,  with  lamps  than  with  the  light  from  the  aver- 
age windows.  I  agree  with  him  that  there  is  a  great  deal  of  un- 
satisfactory daylight.  What  I  believe  is  more  discomforting, 
however,  is  the  sky  brightness  within  the  range  of  vision.  There 
is  a  building  on  42nd  Street  where  they  have  windows  from  the 
ceiling  to  the  floor ;  the  tenants  say  that  they  have  a  great  deal 
of  difficulty  with  daylight.  The  trouble  is  not  daylight  distribu- 
tion, but  the  sky  brightness  which  they  are  always  facing. 

On  the  question  of  costs — I  want  to  give  an  illustration  that 
may  be  applied  to  schools.  I  recently  found  a  statement  of  the 
cost  of  various  items  in  stores.  We  know  that  good  lighting  will 
increase  the  sales  possibilities  of  a  store.  More  goods  will  be 
sold  if  the  customers  can  see  the  goods  than  if  they  went  around 
in  semi-darkness.  If  you  double  the  lighting  intensities  in  a 
store  at  double  the  cost,  you  need  only  show  a  saving  of  less  than 
ten  per  cent  in  the  sales  cost,  to  more  than  make  up  for  the  ad- 


SOME  DIFFICULTIES  IN  SCHOOL  LIGHTING  1 33 

ditional  cost  of  lighting.  This  store  with  twice  the  intensity  need 
only  sell  the  same  amount  of  goods  with  90  clerks  where  for- 
merly 100  were  required.  Your  may  have  an  expenditure  of  ten 
thousand  dollars  fbr  lighting,  but  the  saving  due  to  100  clerks  less 
will  more  than  offset  the  added  cost  of  lighting.  The  same  thing 
applies  to  schools.  It  is  up  to  the  school  authorities  to  consider 
the  question  of  proper  lighting  first  and  the  appropriation  after- 
ward. 

M.  E.  ZiNMAN  :  I  was  formerly  a  teacher  of  shorthand  in 
the  evening  schools  in  Brooklyn.  Evening  school  pupils  work 
hard  all  day,  rush  home,  get  a  bite  to  eat  and  then  have  difficulty 
in  getting  to  night  school  on  time.  Everything  should  be  done  to 
make  them  comfortable.  But,  unfortunately,  due  to  circum- 
stances that  are  perhaps  beyond  the  control  of  those  in  charge 
of  evening  work,  the  young  students  are  frequently  uncomfortable 
for  the  entire  evening.  For  instance,  they  must  sit  in  seats  that 
are  made  for  pupils  five  to  ten  years  younger  than  they.  In  ad- 
dition, the  lighting  (I  speak  of  those  schools  that  I  have  observed 
and  in  which  I  have  taught)  is  very  poor.  Sometimes  the  lamps 
wear  out  and  it  is  difficult  to  get  others  to  replace  them.  Frequent- 
ly the  light-sources  are  so  arranged  that  when  the  pupil  writes 
several  shadows  of  her  hand  fall  on  the  paper.  If  the  room  is 
crowded  many  pupils  must  face  a  most  unpleasant  glare  for  two 
hours  at  a  time.  From  many  parts  of  the  room  it  is  impossible 
to  see  the  blackboard  writing  on  account  of  the  glare. 

The  teacher  too,  suffers  much  on  account  of  the  light  constantly 
striking  her  eyes.  At  times  this  is  so  bad  that  it  materially  de- 
tracts from  her  efficiency. 

A  careful  investigation  should  be  made  of  this  situation  as  it 
is  probably  one  of  the  most  potent  factors  in  causing  the  decrease 
in  attendance  which  takes  place  in  large  numbers  very  soon  after 
each  term  begins.  Mr.  Siegel,  Director  of  Evening  Schools  of  the 
City,  will  probably  verify  my  statements,  I  presume  the  lighting 
problem  must  have  caused  him  a  great  deal  of  anxiety  in  the  past. 
I  know  that  he  is  doing  everything  in  his  power  to  remedy  con- 
ditions. He  has  the  teachers  behind  him  and  anything  he  sug- 
gests will  receive  their  hearty  co-operation. 
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Howard  Lyon  :  The  Chairman  was  kind  enough  to  in- 
vite strangers  to  add  their  contribution  to  the  discussion.  I  was 
very  much  surprised  recently  on  directing  an  inquiry  to  the  Na- 
tional Educational  Association's  Secretary,  to  learn  that  no  action 
had  been  taken  at  any  time  by  that  Association  on  the  subject  of 
the  character  of  paper  used  for  school  books.  That  seemed  to 
be  most  surprising  for  invariably  a  child  lays  a  book  in  any  posi- 
tion which  the  desk  supports  and  he  may  be  getting  all  sorts  of 
reflection  from  the  paper.  Such  reflection  is  exceedingly  harmful 
and  annoying  and  puts  us  old  people  to  sleep.  It  is  possible  to 
print  school  books  on  paper  of  the  character  used  in  the  TraNvS- 
actions  of  the  Illuminating  Engineering  Society  and  it  seems 
to  me  that  such  paper  would  contribute  materially  to  the  com- 
fort and  welfare  of  children. 

I  was  ver}^  much  interested  in  Dr.  Howe's  quiet  philosophy  on 
the  subject  of  health.  As  he  was  speaking,  various  things  he  said 
suggested  a  lot  of  ideas  to  me.  In  speaking  of  the  therapeutic 
value  of  light,  I  wondered  whether  we  are  not  accustomed  to 
dwell  too  much  on  defective  conditions  rather  than  on  the  posi- 
tive advantages  of  certain  good  conditions.  When  we  take  into 
account  the  pleasure  which  we  get  from  sight,  even  a  glance  out 
of  the  window,  from  the  smell  of  the  woods  and  of  the  air  in 
spring,  from  taste,  etc.,  one  might  wonder  whether  it  is  not  the 
absence  often  of  such  things  that  affects  the  health  of  children. 

I  think  it  is  a  common  experience,  if  one  is  depressed  and  un- 
able to  carry  on  his  normal  thinking,  that  he  may  walk  out  on 
the  porch  and  hear  the  song  of  a  bird,  or  smell  the  air,  or  watch 
the  sunset,  and  go  back  to  work  with  increasing  earnestness  and 
vigor.  It  seems  that  the  effect  of  the  senses  must  have  a  very 
powerful  influence  on  health.  Would  it  not  be  well  to  emphasize 
positive  influences  rather  than  negative? 

I  was  interested  in  Dr.  Howe's  allusion  to  a  possible  therapeutic 
value  of  light,  and  I  think  he  and  one  other  speaker  suggested  that 
it  might  not  be  the  thing  we  call  light  but  something  associated 
with  light  to  which  the  eye  is  not  responsive  which  after  all  has  an 
important  effect. 

If  you  will  pardon  just  a  bit  of  personal  experience,  I  wish 
briefly  to  describe  some  exjjeriments  which  I  carried  on  with  a 
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young  man  of  my  acquaintance.  I  started  several  years  ago  to 
investigate  the  pressure  of  sap  in  trees,  especially  as  it  was 
awakened  in  the  spring.  Very  marvelous  discoveries  grew  out 
of  our  investigation,  showing  that  something  that  comes  from  the 
sunlight  is  the  predominating  factor  in  causing  the  flow  of  sap. 
We  had  pressure  gauges  attached  to  trees  and  noted  that  just 
the  passing  of  a  cloud  had  a  marked  effect.  The  mercury  in  the 
tube  would  fall  two  or  three  centimeters  in  a  minute  by  the  pass- 
ing of  a  cloud  or  some  other  condition  of  the  atmosphere.  The 
trees  were  as  responsive  to  a  something  from  the  sky  as  a  person 
of  sensitive  nature  is  to  a  turn  of  conversation.  This  is  a  most 
remarkable  fact  concerning  light  or  rather  that  which  is  associated 
with  light.  The  black  birch  tree  often  developed  a  pressure  of 
over  40  pounds  to  the  square  inch. 

I  want  to  speak  just  a  moment  of  rays  that  are  associated  with 
light,  and  are  not  light  in  the  usual  sense.  Following  the  experi- 
ments narrated  above,  a  physicist  who  was  attracted  to  the  results 
carried  out  the  investigations  still  further.  He  proved  that  the 
branches  of  the  trunk  of  the  tree  were  not  the  source  of  pressure. 
He  cut  off  a  black  birch  tree  a  few  feet  above  the  ground  and 
found  the  same  response  to  something  from  the  sky  in  the  capped 
stump.  However,  he  was  not  quite  satisfied  with  that  result  and 
even  connected  a  manometer  to  a  severed  root.  He  noted  that 
the  pressure  increased  precisely  as  though  the  tree  was  connected 
with  the  root.  This  pressure  developed  even  when  the  ground 
was  frozen  and  covered  with  a  layer  of  ice.  Something  associated 
with  light  affected  the  very  end  of  the  root. 

There  has  been  a  good  deal  of  fake  theory  presented  in  regard 
to  the  therapeutic  value  of  light,  but  I  believe  that  such  phe- 
nomena suggests  the  desirability  of  serious  investigation  by 
the  Illuminating  Engineering  Society  of  the  relation  of  light  to 
health.  I  feel  convinced  that  there  is  a  further  important  func- 
tion of  light  other  than  that  of  good  illumination.  Perhaps  it 
is  due  to  some  invisible  obscure  way. 

If  some  ray  included  in  sunlight  can  penetrate  several  feet  of 
earth  and  cause  activity  in  root  cells  it  seems  quite  likely  that 
similar  rays  can  penetrate  the  human  body  and  possibly  have 
some  marked  effect.  Surely  our  experience  indicates  that  health 
is  related  closely  to  abundant  light. 
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Dr.  M.  p.  Motto:  I  am  here  to-night  to  steal  some  of  your 
thunder.  At  the  New  York  Post  Graduate  Medical  School  and 
Hospital,  with  which  institution  I  am  connected  in  the  department 
of  Ophtholmology,  I  have  realized  how,  in  a  measure,  your  work 
is  closely  associated  with  ours ;  for  the  reason  that  our  aim  is  the 
conservation  of  sight.  Let  me  say  that  your  splendid  meetings 
have  helped  us  a  great  deal  in  our  work,  and  I  feel  greatly  repaid 
for  my  attendance  at  the  past  three  meetings,  and,  which  have 
furnished  me  with  some  splendid  new  ideas. 

In  our  department  we  see  about  seven  thousand  new  patients 
a  year.  In  going  over  the  statistics  of  the  last  year,  I  found  that 
75  per  cent  of  those  cases  were  errors  of  refraction  ranging  from 
0.25  of  a  diopter  of  simple  myopia  to  24  diopters  of  myopia. 
We  have  some  patients  coming  to  us  that  are  unable  to  read  the 
top  letter  "E"  of  our  testing  chart,  that  should  be  read  by  a 
normal  eye  at  a  distance  of  200  ft.,  and  are  only  able  to  distinguish 
it  a  distance  of  3.0  ft.  Many  of  these  cases  are  children  from 
the  New  York  Public  Schools. 

So  it  is  evident  that  the  alarming  increase  in  eye  defects  must  be 
attributed  to  other  causes  outside  of  pathological  and  faulty 
postures.  i\nd,  it  was  left  to  you  men  outside  the  domain  of 
medicine,  to  lead  us  to  one  of  the  most  prolific  causes  of  eye-strain, 
and  that  is,  poor  illumination. 

x\nd  speaking  of  lighting,  I  well  remember  when  I  was  in 
Cleveland  a  few  years  ago,  I  had  occasion  to  go  through  some  of 
the  schools  there.  I  was  indeed  surprised  at  the  poor  illumination 
of  those  ancient  buildings.  Some  of  the  rooms  had  one  or  two 
gas  lamps,  and  I  wondered  how  the  children  could  do  justice  to 
their  work,  and  why  there  were  not  more  cases  of  defective  vision. 

One  of  the  speakers  this  evening  said  that  his  work  was  in  a 
measure  altruistic.  Plas  that  speaker  ever  stopped  to  consider 
how  much  of  the  doctor's  work  is  altruistic.  If  it  were  not  that 
they  were  willing  to  do  that  sort  of  work,  it  would  be  left  undone. 
Who  would  do  it,  if  not  they?  And  so  you  men  who  have  shown 
such  a  fine  spirit  in  bringing  forth  this  subject  of  proper  illumi- 
nation will  be  productive  of  a  great  deal  of  good  which  cannot  be 
computed  in  terms  of  dollars  and  cents. 
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In  your  propaganda  for  efficient  lighting  I  think  you  will  find 
the  Ophthalmologists  will  be  with  you.  You  are  doing  a  mighty 
fine  work  in  this  respect,  and  I  think  the  field  is  just  in  its  infancy. 
You  have  a  lot  to  do  for  the  country  and  I  think  you  have  started 
in  the  right  way. 

The  medical  profession,  I  am  sure  will  also  be  behind  you, 
because  if  sight  is  not  preserved  surely  most  of  the  happiness  of 
life  will  be  cut  short. 

Y'ou  will  be  surprised  how  the  average  patient  that  comes  over 
to  the  New  York  Post  Graduate  Hospital  takes  sight.  He  is  the 
most  unappreciative  of  any  patient  I  know  of.  They  do  not  know 
what  good  vision  means.  They  have  never  learned  to  see  things 
right  and  they  are  satisfied,  if  they  only  see  the  20/200  line,  and 
think  it  is  normal  vision.  If  they  see  something  round  and  tell 
you  it  is  oval,  they  think  it  is  normal.  If  they  go  to  the  movies 
and  have  to  go  to  the  front  seat,  they  think  that  is  all  right.  They 
tell  you  they  don't  want  to  see  better.  They  have  been  accustomed 
to  it,  and  they  think  they  can  get  along  without  better  vision.  The 
first  thing  they  will  ask  you  is  whether  you  are  going  to  prescribe 
glasses.  Truly  it  is  not  our  business  to  put  glasses  on  people  who 
do  not  need  them ;  but  you  can  see  the  attitude  of  the  patient.  If 
we  have  to  go  on  an  educational  campaign  I  think  w^e  ought  to 
have  some  help  from  this  organization,  which  is  on  a  campaign 
that  is  going  to  mean  so  much  for  the  growing  population,  to  the 
children,  who  really  need  it.  Those  children  in  the  east-side 
districts  that  are  undernourished  and  where  vision  is  vitally 
important  are  especially  in  need  of  your  assistance. 

May  I  thank  you  for  your  kind  attention.  I  feel  as  though  I 
am  an  intruder  here,  an  outsider  to  get  a  few^  points  from  you  that 
will  be  of  great  assistance  to  me  in  my  work. 
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SECTOR  DISKS  AND  THEIR  CALIBRATION  FOR  USE 
IN  PHOTOMETRY 


BY  F.  e;.  cady* 


At  the  present  time  a  photometric  laboratory  is  not  considered 
completely  equipped  without  a  set  of  sectored  disks.  They  have 
become  more  and  more  necessary  as  light  sources  of  higher  inten- 
sity have  appeared.  As  the  value  of  any  photometric  measure- 
ment where  a  sectored  disk  has  been  employed  depends  directly 
on  its  transmission,  calibration  of  these  disks  becomes  a  matter 
of  some  moment. 

The  law  of  the  disk  (Talbot's  law),  states  that  as  far  as  the 
eye  is  concerned,  the  luminous  flux  reaching  the  photometer  head 
bears  the  same  ratio  to  the  flux  incident  on  the  disk,  as  the  open 
sector  part  of  the  disk  bears  to  360  degrees.  Prior  to  1906  this 
law  had  been  accepted  as  verified  for  white  light  by  the  work  of 
Lummer  and  Brodhun  and  of  Ferry  for  all  openings  of  the 
sector  down  to  24°.  Ferry,  however,  raised  a  question  about  its 
applicability  in  the  case  of  colored  light  which  was  settled  by  the 
comprehensive  investigation  of  Hyde^  who  extended  the  verifi- 
cation within  a  probable  error  of  0.3  per  cent.,  to  an  opening  of 
10°  for  white  light  and  also  showed  that  the  law  holds  for  red, 
green  and  blue  light  within  a  somewhat  larger  error.  Since  that 
time  it  has  been  generally  accepted  that  the  law  of  the  disk  holds 
and  they  have  been  constructed  with  openings  varying  from  300° 
down  to  2°. 

Sector  disks  may  be  divided  into  two  broad  classes,  those  in 
which  the  open  sectors  have  fixed  dimensions  while  the  disk  is  in 
rotation,  and  those  in  which  the  open  sector  part  may  be  changed 
during  rotation.  The  former  are  more  largely  used  in  ordinary 
photometry,  the  latter  in  illuminometry  and  spectrophotometry. 
CONSTRUCTION. 

Of  the  first  class,  the  most  common  form  is  a  disk  about  30  or 
40  cm.  in  diameter,  having  open  sectors.  The  radial  dimensions 
of  the  sectors  need  be  only  a  little  larger  than  the  size  of  the 
photometer-head  screen  since  the  disk  can  be  placed  as  close  to 
the  photometer  head  as  desired.    The  first  disks  used  in  the  pho- 

♦  Nela  Research  I,aborntories,  Cleveland,  Ohio. 
1  Bull.  Buy.  o/Stds.,  2,  p.  1,  1906. 
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tomelric  department  of  the  Bureau  of  Standards  had  six  open 
and  six  closed  sectors  symmetrically  distributed  in  order  to  reduce 
the  speed  of  rotation  necessary  to  avoid  tiicker.  By  the  use  of 
covers  which  closed  the  corresponding  number  of  open  sectors, 
one-half,  one-third,  or  two-thirds  of  the  total  transmission  could 
be  obtained  from  a  single  disk. 

It  was  thought  that  a  disk  could  be  constructed  by  making  use 
of  two  disks  which  could  be  fixed  so  that  the  solid  sectors  of 
one  would  cover  part  of  the  open  sectors  of  the  other  and  thus 
give  in  one  instrument  an  infinite  number  of  possible  transmis- 
sions. Since  two  of  the  previously  used  type  of  disk  when  placed 
together  would  be  limited  in  range  from  50  per  cent,  transmis- 
sion to  zero,  Hyde,  then  at  the  Bureau  of  Standards,  designed 
and  had  constructed  a  disk  in  which  the  solid  sectors  of  the  two 
parts  were  fitted  with  vanes  which  moved  like  the  parts  of  a  fan 
and  enabled  a  total  opening  of  considerably  more  than  50  per 
cent.  A  graduated  scale  on  the  rim  and  a  set  screw  made  it  pos- 
sible to  fix  the  two  parts  at  any  desired  transmission  within  the 
range.  It  was  found,  however,  when  the  instrument  was  cali- 
brated, that  it  was  very  difficult  to  set  the  opening  as  accurately 
as  a  fixed  opening  in  a  single  sectored  disk  could  be  calibrated. 

Recently  disks  have  been  placed  on  the  market  having  four 
open  and  four  closed  sectors  symmetrically  distributed.  Four  of 
these  disks  having  transmissions  of  50,  60,  70,  and  80  per  cent, 
respectively  may  be  combined  in  pairs  to  give  10,  20,  30,  and  40 
per  cent,  transmissions.  Thus  a  60  per  cent,  disk  is  one  having 
openings  aggregating  60  per  cent,  of  360^  and  closed  parts  aggre- 
gating 40  per  cent.  Similarly  a  70  per  cent,  disk  has  70  per  cent, 
open  and  30  per  cent,  closed  portions.  If,  then,  the  70  per  cent, 
disk  be  placed  against  the  60  per  cent,  so  that  the  closed  portions 
of  the  60,  lie  wholly  within  the  open  portions  of  the  70,  the  parts 
of  the  70  not  closed  will  aggregate  30  per  cent,  of  360°.  Com- 
bining the  50  per  cent,  disk  with  the  60  per  cent,  gives  a  resultant 
transmission  of  10  per  cent.,  etc.  One  of  the  advantages  of  this 
arrangement  is,  that  if  two  of  the  disks  are  placed  together,  while 
the  transmission  is  decreased,  the  relative  number  of  open  and 
closed  portions  is  doubled  and  the  tendency  to  flicker,  with  low 
transmissions  reduced.  Another  advantage  lies  in  the  fact  that 
in  the  construction  of  the  disk  it  is  easier  mechanically  to  pro- 
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duce  a  straight  edge  by  filing  where  the  opening  is  large  than 
when  it  is  small.  On  the  other  hand,  it  is  obvious  that  an  error 
in  filing  the  edge  which  would  be  negligible  in  a  large-opening 
disk  may  be  very  appreciable  when  that  disk  is  combined  with 
another  to  produce  a  small-opening  effect.  The  method  devised 
by  Hyde,^  of  making  the  sectors  of  strips  of  phosphor  bronze 
gives  results  of  considerable  accuracy,  particularly  for  the  disks 
of  low  transmission.  The  method  is  as  follows:  The  disk  is  first 
cut  roughly  for  the  given  number  of  openings  v/hich  are  made 
several  degrees  larger  than  the  desired  angle,  little  attention 
being  paid  to  the  exact  amount  and  the  straightness  of  the  edges. 
The  phosphor  bronze  strips  are  then  cut  to  the  right  length  from 
material  about  i  mm.  thick  which  has  been  found  to  give  rigidity 
and  still  not  be  bulky.  They  must  be  wide  enough  to  overlap  the 
edge  and  leave  sufficient  room  for  a  small  slot  to  permit  of  final 
adjustment.  The  strips  having  their  edges  bevelled,  are  drilled 
and  slotted  at  the  ends  and  middle.  The  whole  set,  twelve  for  a 
six-opening  disk,  are  then  clamped  tightly  together  and  the  bev- 
elled sides  ground  to  a  straight  edge  by  rubbing  on  a  properly  pre- 
pared surface  plate.  After  grinding,  the  strips  are  mounted  in 
place  with  the  screws  loose.  A  template  is  prepared  which  has  a 
circular  plate  fitting  accurately  the  hole  in  the  centre  of  the  disk 
and  provided  with  an  arm  which  extends  to  the  periphery  and 
carries  on  a  line  forming  a  radius  of  the  disk,  two  cylinders,  one 
near  the  periphery,  the  other  near  the  centre,  with  their  axes  per- 
pendicular to  the  line.  The  distances  from  the  centre  being 
known,  it  is  easy  to  compute  the  cylinder  diameters  necessary  in 
order  that  the  strips  shall  just  touch  their  circumference  when 
the  angular  opening  is  correct.  The  cylinders  can  be  made  to  the 
desired  diameters  with  sufficient  accuracy  on  a  good  lathe.  With 
the  template  in  place,  the  strips  are  moved  until  they  come  in  con- 
tact with  the  two  cylinders  and  are  then  clamped  in  position  by 
means  of  screws  working  in  the  slots.  The  strips  can  be  black- 
ened chemically  and  hence  the  use  of  paint  is  unnecessary.  As  an 
illustration  of  the  accuracy  which  may  be  obtained  by  this  pro- 
cedure, reference  may  be  made  to  a  disk  prepared  for  this  labor- 
atory having  four  1°  openings,  the  transmission  of  which  was 
found  to  be  within  0.2  per  cent,  of  that  intended. 

'  Astrophys.  Jour.,  35,  p.  263,  1912. 
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Before  calibrating  disks  they  should  be  examined  to  see  that 
the  edges  of  the  sector  openings  are  perfectly  clean,  and,  if 
painted,  that  the  paint  is  applied  uniformly.  The  edges  should  be 
bevelled  to  avoid  the  effect  of  possible  reflections  and  any  evi- 
dence of  non-uniformity  of  paint  along  the  edges  should  be  re- 
moved. This  is  particularly  important  in  the  case  of  disks  with 
low  transmission,  and  for  the  disks  previously  mentioned  as  used 
in  pairs  to  produce  low  transmission.  It  is  best  to  have  no  paint 
at  all  on  the  edges,  the  latter  being  blackened  by  some  other 
means.  As  has  been  pointed  out,  this  is  easily  taken  care  of 
where  the  phosphor-bronze  strips  are  used. 

Another  precaution  to  be  taken  before  calibration,  is  to  see 
that  no  light  is  reflected  from  the  surface  of  the  motor  used  to 
rotate  the  disks.  A  motor  for  this  purpose  which  the  writer  has 
found  very  satisfactory  is  rated  at  3,000  r.  p.  m.,  one-sixtieth  of 
a  horsepower,  and  has  a  cylindrical  case  about  lo  cm.  in  diam- 
eter. The  top  of  the  motor  is  dull  black  and  is  fitted  with  an  up- 
right thin  metal  strip  which  is  blackened  and  placed  so  as  effec- 
tively to  prevent  any  reflected  light  from  the  surface  reaching  the 
photometer-head  screen. 

CALIBRATION. 

It  might  be  thought  that  the  most  direct  and  feasible  method 
of  calibrating  sectored  disks  would  be  by  means  of  the  circular 
dividing  engine  or  comparator.  But  the  difficulties  of  orienting 
the  disk  on  the  machine,  to  say  nothing  of  the  large  number  of 
readings  necessary  to  cover  only  a  limited  number  of  points  along 
the  edges,  makes  this  method  exceedingly  laborious  and  not 
practicable  except  for  the  purpose  of  checking.  It  has  the  fur- 
ther objection  that  the  disk  is  not  calibrated  under  the  conditions 
under  which  it  is  to  be  used.  For  example,  the  disk  is  measured 
while  in  a  stationary  position,  but  in  use  it  is  rotating.  For- 
tunately, straight  photometric  methods  are  available,  which  will 
give  an  accuracy  up  to  the  limit  of  the  photometric  setting. 

In  their  verification  of  the  law  of  the  disk,  Lummer  and  Brod- 
hun  used  a  method  which  may  be  applied  to  the  calibration  of  a 
180°  disk  and  by  extension  to  a  90°,  45'^,  etc.  They  placed  two  in- 
candescent lamps  of  approximately  the  same  candlepower  at  one 
end  of  the  photometer  and  one  lamp  at  the  other  end.  The  two 
lamps  were  then  adjusted  in  current  until  each  produced  approxi- 
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mately  the  same  illumination  on  the  photometer  screen.  Then 
both  were  burned  at  the  same  time  and  the  180°  disk  was  placed 
SO  as  to  intercept  the  light  from  them,  and  a  balance  was  obtained 
by  moving  the  third  lamp.  If  the  process  is  repeated  but  the 
180°  disk  is  rotated  while  each  of  the  two  is  adjusted,  the  90°  disk 
can  be  put  in  when  both  are  burning.  This  method  has  the  ad- 
vantage of  eliminating  or  reducing  to  negligibility  many  errors 
such  as  those  due  to  the  inverse-square  law,  stray  light,  variations 
in  the  photometer  ways,  scale,  etc.  It  has  the  great  disadvantage 
of  limited  application,  that  is,  to  disks  which  have  openings  in 
the  ratio  of  two  to  one,  and  further  admits  of  the  possibility  of 
adding  up  errors.  One  step  can  be  eliminated,  that  is,  the  90° 
disk  can  be  calibrated  directly,  by  using  two  lamps  on  each  side 
of  the  photometer. 

If  a  sufficient  variety  of  disks  is  available,  the  so-called  "cas- 
cade" method  of  calibration  may  be  used.  This  method  consists 
in  a  measurement  of  a  disk  of  lower  transmission  in  terms  of  a 
disk  of  high-transmission  or  vice  versa.  Thus,  if  the  180°  disk 
is  known,  the  relative  value  of  the  two  halves  can  be  determined 
by  measuring  one  against  the  other,  and  their  individual  values 
found  from  their  ratio  and  their  sum.  A  90°  disk  can  then  be 
compared  with  the  two  halves  of  the  180°  disk  and  again  its  parts 
determined  relatively  and  in  terms  of  the  whole.  The  principal 
objection  to  the  "cascade"  method  is  the  possibility  that  the  errors 
of  measurement  may  be  cumulative. 

In  these  laboratories  there  are  two  sets  of  fixed  sector  disks 
with  total  openings  of  300°,  270°,  240°,  210°,  180°,  90°,  36°,  12°, 
6°,  5°,  4°,  2°.  All  of  them  except  the  last  three  have  six  open- 
ings and  by  means  of  three  cover  plates  it  is  possible  to  get  one- 
half,  one-third  or  two-thirds  of  any  of  the  six-opening  disks. 
These  disks  have  been  calibrated  by  the  "cascade"  method  start- 
ing with  the  300°  disk  which  was  measured  directly  using  the 
inverse-square  law  as  follows :  Two  oval-anchored  carbon-fila- 
ment lamps  at  voltages  to  give  a  color  match  were  used  as  light 
sources.  With  one  as  a  standard,  and  the  other  as  a  comparison 
lamp  and  connected  rigidly  to  the  photometer  head,  a  balance  was 
obtained  without  the  disk  and  then  with  the  disk  on  the  side  of 
the  standard  lamp.  The  distances  of  the  photometer  from  the 
standard  lamp  were  well  over  those  neces.sary  to  avoid  errors 
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from  the  inverse-square  law. 

The  two  sets  of  150°  openings  were  then  intercompared  with 
each  other  and  their  value  computed  from  that  of  their  sum.  A 
similar  test  gave  the  value  of  each  pair  of  openings  giving  100° 
and  of  each  set  giving  200°.  The  180°  disk  was  then  compared 
with  both  pairs  of  150°  out  of  the  300°  disk  and  with  the  three 
groupings  which  gave  200°.  It  was  measured  also  by  the  two- 
lamp  method  and  also  against  the  180°  disk  of  the  Bureau  of 
Standards  kindly  loaned  by  that  institution  for  the  purpose.  The 
three  methods  gave  results  which  checked  to  within  one-tenth  of 
one  per  cent.  A  similar  procedure  was  followed  in  stepping  down 
from  the  180°  disk  to  the  90°,  and  the  30°.  In  the  latter  two 
cases  a  32-cp.  carbon  lamp  replaced  the  previous  i6-cp.  standard. 

The  12°  disk  was  measured  in  terms  of  the  15°  and  10°  of  the 
30°  disk,  and  the  6°  disk  was  then  determined  from  the  halves 
of  the  12°.  At  this  point  a  new  6°  disk  was  made  and  sent  to 
the  Bureau  of  Standards  to  be  calibrated  for  angular  opening  of 
the  open  sectors  at  different  distances  from  the  center  of  the  disk. 
Values  were  given  by  the  Bureau  at  six  points,  2  cm.  apart,  start- 
ing 1.5  cm.  from  the  periphery  and  representing  the  average  of 
two  measurements  of  four  settings  each  at  each  point  or  a  total 
of  288  settings.  It  was  found  that  for  the  part  of  the  openings 
actually  used  in  the  photometric  calibration  (about  1.6  cm.  out  of 
a  total  opening  of  11  cm.)  the  resultant  transmission  given  by  the 
Bureau  agreed  with  that  determined  by  the  step-down  method  to 
within  one-tenth  of  one  per  cent.  While  as  has  been  noted,  the 
"cascade"  method  involves  the  possibility  of  having  the  experi- 
mental errors  add  up,  it  was  felt  that  this  check  at  the  low  trans- 
mission point  reduced  to  a  very  large  extent  the  probability  of 
cumulative  error.  Furthermore,  the  duplicate  disks  available 
made  considerable  intercomparison  possible.  Thus,  the  two  90° 
disks  were  measured  in  terms  of  each  other,  of  the  two  pairs  of 
90°  from  each  of  the  180°  disks  and  of  the  three  groups  of  90° 
from  the  270°  disk,  etc. 

As  noted  in  the  introduction,  the  work  of  Hyde  carried  the 
verification  of  Talbot's  law  down  to  an  opening  of  10°.  A  further 
extension  to  2°  seems  very  highly  probable  as  the  result  of  a 
series  of  determinations  of  the  value  of  the  2°  disk  in  terms  of 
the  12°  disk.    The  12°  disk  was  placed  and  rotated  between  the 
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photometer  and  a  high-candlepower  standard  lamp.  The  distance 
of  the  other  lamp  was  then  adjusted  until  the  photometric  balance 
came  at  a  convenient  point  on  the  bar  and  the  usual  settings  were 
made.  The  12°  disk  was  then  replaced  by  the  2°  disk  and  a  60° 
disk  was  placed  and  rotated  between  the  photometer  and  the  com- 
parison lamp.  This,  of  course,  reduced  the  illumination  on  both 
sides  of  the  photometer-head  disk,  but  the  photometric  settings 
came  at  about  the  same  point  on  the  bar.  The  value  of  the  2° 
disk  was  thus  determined  from  the  value  of  the  12°  and  the  60°. 
The  result  agreed  with  that  obtained  by  the  step-down  method  to 
within  a  few  tenths  of  a  per  cent.  While  this  test  is  not  rigorous, 
since  it  involves  assumptions  regarding  the  effect  on  the  eye  when 
viewing  two  surfaces,  each  illuminated  by  a  light  flux  interrupted, 
but  at  such  a  frequency  as  to  eliminate  objectionable  flicker,  and 
also  a  difference  in  the  illumination  of  the  photometer-head  disk, 
it  seems  highly  improbable  that  an  error  in  Talbot's  law  could  be 
exactly  compensated  by  possible  errors  resulting  from  these 
sources. 

In  making  measurements  on  these  low  transmission  disks,  great 
difficulty  was  experienced  in  getting  a  light  source  of  sufficient 
intensity  and  at  the  same  time  sufficient  constancy,  to  permit  of 
enough  distance  between  the  photometer  and  the  standard  lamp 
to  avoid  errors  due  to  the  inverse-square  law,  and  still  give  suffi- 
cient illumination  on  the  photometer-head  screen  to  make  accurate 
readings  possible.  This  difficulty  was  finally  overcome  by  the  con- 
struction of  a  special  gas-filled  tungsten  filament  lamp  made  with 
four  loops  all  hanging  in  one  plane,  and  having  welded  terminals. 
The  lamp  takes  20  amperes  at  about  80  volts  and  has  enough 
intensity  to  give  a  good  illumination  when  using  a  2°  disk,  with 
the  photometer  at  a  distance  of  100  cm.  from  the  lamp. 

Mr.  Taylor  of  these  laboratories  has  called  the  attention  of  the 
writer  to  still  another  method  of  calibration  which  may  be  used 
with  any  two  disks  the  transmissions  of  which  are  not  exactly 
the  same.  It  consists  in  a  determination  of  the  relative  values 
cither  by  the  ordinary  method  of  substitution  or  by  putting  one 
disk  on  one  side  of  the  j)botometcr  head,  the  other  on  the  other 
side,  making  a  setting  and  then  reversing  the  disks.  After  getting 
tlie  relative  values  llic  two  disks  are  placed  together  so  that  the 
closed  and  open  sectors  overlap  and  the  resultant  transmission  is 
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measured  as  if  it  were  that  of  a  single  disk.  From  the  two  sets 
of  measurements,  one  givin^^f  the  ratio  and  the  other  the  difTer- 
ence,  the  individual  transmissions  can  be  computed. 

A  word  might  be  said  regarding  the  speed  of  rotation  necessary 
to  avoid  errors  due  to  flicker.  It  has  generally  been  the  custom 
to  rotate  disks  at  a  speed  such  that  no  objectionable  flicker  is  seen 
in  the  photometric  field.  The  flicker  is  a  function  of  the  number 
of  times  per  second  the  light  beam  is  interrupted.  Since  for  a 
six-opening  disk  the  beam  is  intercepted  six  times  in  one  revolu- 
tion and  for  a  one-opening  disk  once,  the  speed  of  the  latter  must 
be  six  times  that  of  the  former  to  produce  the  same  number  of 
alternations  per  second.  Recent  experiments  have  shown  that  for 
disks  with  transmissions  greater  than  about  25  per  cent,  no  appre- 
ciable error  due  to  flicker  will  occur  if  the  disk  is  run  at  such  a 
speed  that  the  number  of  alternations  per  second  is  greater  than 
30.  For  disks  with  smaller  transmissions  higher  speeds  are  neces- 
sary. It  has  also  been  shown  by  experiment  that  if  two  disks, 
having  the  same  total  transmissions  are  rotated  at  such  speeds  that 
the  number  of  alternations  per  second  is  the  same,  the  number  of 
the  open  and  closed  portions  is  immaterial  if  they  are  symmetric- 
ally distributed.  On  the  other  hand,  comparing  disks  with  differ- 
ent total  transmissions,  the  relative  sizes  of  the  open  and  closed 
parts  make  a  difference  in  the  case  of  disks  with  transmissions 
lower  than  25  per  cent.  This  is  the  reason  w'hy  a  disk  w-ith  a 
transmission  of  i  or  2  per  cent,  must  be  rotated  considerably 
faster  than  one  of  20  per  cent.,  w^hen  the  number  of  openings 
and  their  distribution  is  the  same. 

It  may  be  added  that  the  exact  speed  of  rotation  at  which 
flicker  disappears  seems  to  be  quite  difficult  to  determine,  but  in 
the  above  experiments  it  was  found  that  no  difficulty  was  experi- 
enced in  making  photometric  settings  if  the  flicker  was  small 
enough,  even  though  not  entirely  absent. 

DISCUSSION 

The  paper  by  Mr.  F.  E.  Cady  was  discussed  through  corre- 
spondence. 

P.  G.  Nutting:  All  workers  in  precise  photometry  will 
welcome  Mr.  Cady's  review  of  the  work  on  Talbot's  law  and  of 
recent  sector  disk  research  at  Nela  Park.  Of  particular  interest 
to  me  are  the  methods  of  calibration  used  and  the  limits  of  appli- 
cation of  Talbot's  law. 
4 
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I  should  like  to  ask  Mr.  Cady  whether  the  use  of  one  of  the 
sensitive  modern  forms  of  photoelectric  cell,  in  differential 
arrangement  might  not  serve  better  than  the  eye  in  disk  calibration 
by  eliminating  the  visual  effect.  Each  of  the  methods  used  by 
Mr.  Cady  appears  to  give  the  combined  error  of  the  disk  and  of 
the  eye,  two  quite  independent  quantities. 

The  Reciprocity  law,  E  =  It,  in  photography  breaks  down  at 
about  o.oi  mc,  or  roughly  0.005  ^^S  sec.  /  cm-.  The  correspond- 
ing law  for  the  human  retina  probably  has  a  limit  of  the  same 
order  of  magnitude.  For  photoelectric  sensitive  surfaces,  the 
limit  of  the  corresponding  reciprocity  law  is  probably  somewhat 
lower.  It  is  to  be  hoped  that  all  three  limits  may  be  determined 
by  competent  investigators  in  the  near  future.  After  determining 
these  limits,  the  next  points  of  interest  will  be  the  effect  of 
frequency  and  of  varying  ratio  of  exposure  to  rest  period. 

S.  E.  E.  Rose:  With  the  great  range  in  candle-power  of 
modern  light  sources  the  sector  disk  is  a  necessary  adjunct  in  their 
photometry.  It  increases  the  range  of  the  ordinary  photometer 
with  a  minimum  of  labor  and  time  and  the  photometrist  feels 
confident  that  any  source  of  error  in  their  use  is  practically 
negligible.  The  paper  by  Mr.  Cady  is  one  of  the  best  which  has 
come  to  the  writer's  attention  and  it  is  very  gratifying  to  know  that 
Talbot's  law  probably  holds  down  to  disks  of  two  degrees.  Mr. 
Cady  very  clearly  gives  the  sources  of  error  to  be  guarded  against 
in  the  construction,  painting  and  use  of  the  sector  disk. 

At  the  Illuminating  Engineering  Laboratory  our  spectro- 
photometer is  equipped  with  a  Hyde  variable  sector  disk  and  our 
other  photometers  have  sector  disks  with  fixed  openings.  These 
disks  are  mounted  on  separate  stands,  in  no  way  attached  to  the 
photometer,  so  that  no  vibration  is  transmitted  to  the  photometer 
head,  and  enables  them  to  be  readily  used  on  either  side  of  the 
sight  box.  The  motor  driving  these  disks  is  controlled  by  a 
rheostat  so  that  the  speed  may  be  varied  to  suit  the  size  opening 
being  used. 

Enoch  Karrer:  Mr.  Cady  has  mentioned  the  fact  that 
symmetry  in  the  open  and  closed  sectors  is  essential.  This  is  of 
some  importance,  and  has  I  believe  been  the  cause  of  some 
apparently  contradictory  observations  on  the  sector  disk  law,  that 
have   come   to   my   attention.     It    is,   however,   not   merely   the 
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mechanical  symmetry  of  the  stationary  disk,  but  temporal  as  well 
as  mechanical  symmetry  when  the  disk  is  rotating.  For,  in  order 
that  the  various  opaque  sectors  of  the  disk  should  deplete  a  beam 
of  light  to  the  same  extent,  they  must  not  only  be  equal  in  area, 
but  they  must  eclipse  the  beam  of  light  for  the  same  length  of  time. 
The  two  factors,  area  and  time,  are  coequal.  In  a  symmetrical 
disk  this  effect  would  tend  to  be  eliminated  even  when  there  is 
marked  eccentricity  caused  by  the  driving  mechanism,  because 
then  there  will  be  periods  of  acceleration  as  well  as  periods  of 
retardation  for  either  the  eclipsing  or  open  sectors.  There  is 
little  doubt  but  that  the  sector  disk  law  holds  for  an  indefinite 
range  and  for  all  colors.  It  has  been  assumed  to  hold  for  disks 
having  a  total  open  area  of  a  fractional  part  of  one  per  cent — 
considerably  less  than  the  lower  limit  mentioned  by  Mr.  Cady. 

As  to  the  question  of  the  validity  for  different  colors  I  have 
recently  had  occasion  to  make  this  experiment.  A  Martens 
photometer  was  directed  toward  a  tungsten  lamp  (250  watt,  type 
C).  A  sector  disk  was  allowed  to  intercept  the  illumination  on 
one  portion  of  the  photometric  field  and  kept  uniformly  bright  by 
turning  one  of  the  prisms  as  is  usual  with  this  instrument.  Now 
it  was  observed  that  the  two  portions  of  the  field  always  remained 
color  matched,  for  all  sectored  disks,  of  whatever  kind,  that  were 
introduced.  Since  the  variations  in  intensity  were  of  no  concern 
for  the  experiment,  any  method  of  eclipsing  without  flicker  could 
be  used.  So  that  it  was  easy  to  make  sectored  disks  for  the 
purpose  of  any  desired  proportions.  Such  color  matching  c^n 
be  done  with  great  sensibility,  so  that  it  may  be  concluded  there- 
fore that  the  sector  disk  relations  as  shown  by  Hyde  to  hold  for 
white  and  colored  lights  must  hold  for  all  colors,  for  all  openings 
and  over  a  large  range  of  periodicity. 

There  is  one  more  point  in  regard  to  a  variable  sectored  disk, 
which  may  be  somewhat  out  of  order  inasmuch  as  Mr.  Cady  has 
not  given  any  space  to  the  sectored  disks  of  the  second  class. 
Two  noteworthy  illustrations  of  them  are  those  of  Lummer  and 
Brodhun  and  that  of  Hyde.  I  have  recently  had  occasion  to  try  a 
sectored  disk  that  decidedly  differs  from  these.  In  all  the  above 
cases  the  sectored  disk  is  essentially  a  thin  plate.  If  we  bend  the 
eclipsing  sectors  of  an  ordinary  disk  at  right  angles  to  the  plate, 
we  obtain  a  cone  or  cylinder  that  may  still  be  used  as  a  sectored 
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disk.  It  is  readily  seen  that  if  we  eliminate  half  of  the  sectors 
and  properly  design  the  remainder,  we  obtain  an  eclipsing  cylinder, 
whose  depletion  factor  can  be  calculated,  and  which  can  quite 
easily  be  made  to  vary  while  in  operation.  It  can  be  made  more 
universal  and  not  restricted  for  use  with  a  narrow  slit  as  in  the 
Hyde  disk. 

L.  C.  Porter:  I  have  read  the  paper  with  interest,  and  find 
there  is  little  I  can  add  to  it,  although  one  point  is  perhaps  worth 
while  bringing  out. 

In  the  last  paragraph  of  the  paper,  the  statement  is  made  that 
the  exact  speed  of  rotation  at  which  flicker  disappears  seems  to  be 
quite  difficult  to  determine. 

There  are  other  factors  than  speed  entering  into  the  question 
of  flicker.  A  considerable  study  of  this  has  been  made  in  con- 
nection with  shutters  used  on  motion  picture  machines,  and  it  has 
been  found  that  apparent  flicker  on  the  screen  depends  to  a  great 
extent,  upon  the  intensity  of  illumination,  as  well  as  upon  the 
speed.  Maintaining  constant  speed  and  decreasing  the  intensity 
of  light  on  the  screen  will,  apparently,  cause  flicker  to  disappear. 

It  is  probable  that  the  same  results  occur  in  connection  with  the 
use  of  flicker  photometers. 

A.  H.  Taylor  :  Mr.  Cady  refers  to  the  use  of  a  series  of  four 
disks  having  transmissions  of  50,  60,  70  and  80  per  cent  when 
used  singly,  and  which  can  be  superposed  in  pairs  to  give  trans- 
missions of  10,  20,  30  and  40  per  cent.  The  addition  of  a  fifth 
disk  having  a  transmission  of  55  per  cent  would  give  a  series 
of  five  disks  from  which  transmissions  of  5,  10,  15,  20,  25,  30,  35, 
40.  50>  55)  60,  70  and  80  per  cent  could  be  obtained  in  the 
manner  described.  Hence  a  series  of  five  separate  disks  would 
give  practically  all  transmission  factors  required  in  most 
photometric  laboratories.  There  is  no  reason  why  phosphor 
bronze  edge  strips  could  not  be  used  on  these  disks,  in  fact  it  is 
very  desirable  that  they  should  be. 

With  regard  to  the  method  of  standardization  of  disks  which  I 
pointed  out  to  Mr.  Cady,  and  to  which  he  refers  in  the  latter  part 
of  his  paper,  this  method  has  a  more  important  usefulness  than 
that  which  he  describes.  By  measuring  the  transmission  of  two 
disks  combined,  e.  g.,  a  50  and  a  55  per  cent  disk,  and  then 
determining  their  relative  transmissions  by  operating  one  on  each 
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side  of  the  photometer  and  then  reversing  them,  a  high  precision 
determination  of  the  transmission  factor  of  each  is  obtained. 
Either  of  these  disks  may  then  be  combined  with  a  disk  of 
unknown  value,  and  the  unknown  disk  determined  with  higher 
precision  than  a  direct  measurement  of  that  disk  alone. 

The  "reversal"  method  of  intercomparing  disks  which  are 
nearly  alike  in  transmission  gives  results  of  double  the  precision 
obtainable  by  the  substitution  method,  since  the  ratio  of  trans- 
missions is  the  same  as  the  ratio  of  the  first  power  of  the 
photometric  distances,  rather  than  the  squares  of  these  distances. 

The  following  method  of  standardization  of  low  transmission 
disks  is  very  useful:  If  a  standardized  disk  having  a  trans- 
mission factor  which  is  approximately  the  square  root  of  the  factor 
of  the  unknown  disk  is  used  first  on  the  test  lamp  side,  then  on  the 
comparison  lamp  side,  the  unknown  disk  being  placed  on  the  test 
lamp  side  in  the  latter  measurement,  a  value  for  the  unknown  disk 
may  be  computed  from  the  observations.  The  principal  dis- 
advantage in  this  method  lies  in  the  fact  that  the  second  power  of 
the  transmission  of  the  known  disk  enters  into  the  calculations, 
which  may  cause  an  error  unless  its  factor  is  accurately  known. 

C.  E.  FerreE  :  During  the  winter  and  spring  of  1903-04 
I  made  an  investigation  of  the  Talbot-Plateau  law  under  the 
direction  of  Dr.  E.  L.  Nichols  of  Cornell  University.  Two 
similar  seasoned  lamps  were  compared  photometrically,  one  run 
at  low  voltage  giving  a  reddish  orange  light,  the  other  at  high 
voltage  giving  a  bluish  light.  The  comparison  of  the  two  lights 
was  made  by  the  law  of  squares,  and  by  the  sectored  disc  for  a 
wide  range  of  open  sector,  A  number  of  observers  were  used  in 
making  the  judgments.  The  correction  factor  needed  to  give 
exact  agreement  between  the  two  methods  was  small  and 
apparently  not  significantly  greater  for  the  low  values  of  open  sec- 
tor than  for  high  values.  However  the  two  lights  employed  did 
not  differ  greatly  in  composition  nor  were  the  tests  extended  to 
cover  a  wiide  range  of  composition  of  light.  From  the  work  that 
has  been  done  thus  far  I  do  not  believe  that  we  can  feel  entirely 
satisfied  that  the  law  holds  for  all  values  of  open  sector  for  all 
compositions  and  intensities  of  light. 

The  Talbot-Plateau  law  may  be  stated  as  follows.  The  effect 
of  light  on  sensation  is  the  same  whether  actinsr  continuouslv  or 
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intermittently  provided  that  the  intermittence  has  reached  the 
fusion  rate  and  that  the  eye  receives  in  both  ways  the  same  amount 
of  light  in  a  unit  of  time;  and  there  is  no  change  in  the  effect 
however  much  the  rate  of  intermittence  is  increased.  If  the  law 
is  not  valid  for  all  compositions  of  light,  in  other  words  if  the 
sectored  disk  when  used  in  connection  with  the  eye  acts  like  a 
selective  filter,  photometric  calibration  is  the  only  course  open 
and  separate  calibrations  would  be  needed  for  different  lights.  If 
on  the  other  hand  the  law  is  valid  for  all  values  of  open  sector 
for  all  compositions  of  light,  I  can  see  no  great  advantage  in  the 
photometric  calibrations  unless  it  shows  greater  sensitivity  and 
precision  than  is  feasible  to  attain  by  a  direct  measurement  of  the 
disk.  However,  inasmuch  as  it  requires  nothing  to  be  assumed 
as  to  the  validity  of  the  Talbot-Plateau  law,  which  in  my  opinion 
has  been  none  too  widely  tested,  the  photometric  calibration 
appeals  to  me.  Further,  it  must  be  remembered,  that  if  the 
rotation  of  the  sectored  disk  does  not  reach  the  fusion  rate,  in 
other  words  if  flicker  is  still  present  the  use  of  the  sectored  disk 
does  not  even  fall  within  the  conditions  laid  down  as  necessary  by 
Talbot  and  Plateau  and  by  others  who  have  studied  the  action  of 
the  eye  under  intermittent  stimulation. 

In  1916  ("A  Spectroscopic  Apparatus  for  the  Investigation  of 
the  Color  Sensitivity  of  the  Retina,  Central  and  Peripherial,  Jour, 
of  Bxper.  Phychol.,  I,  pp.  247-284)  we  described  a  set  of  sectored 
disks  which  have  proved  very  serviceable  for  photometric  and 
other  laboratory  purposes. 

The  best  motor  we  have  been  able  to  find  for  the  rotation  of 
sectored  disks  and  for  similar  laboratory  purposes  is  light  and 
compact  and  is  suspended  by  three  coiled  springs  to  take  up 
vibration.  Its  speed  ranges  from  200-6000  r.  p.  m.  By  means  of 
a  rheostat  which  we  have  constructed  specially  for  this  motor  very 
fine  changes  of  speed  may  be  made  which  are  fairly  reproducible 
when  the  motor  is  operated  on  a  storage  battery.  This  combi- 
nation of  motor  and  resistance  serves  a  very  valuable  purpose  in 
the  study  and  practice  of  flicker  photometry  where  small  changes 
of  speed  are  needed  and  in  the  study  and  demonstration  of  all  the 
phenomena  produced  by  the  intermittent  stimulation  of  the  retina. 

B.  E.  Siiackeilford:  The  paper  is  an  excellent  resume  of  the 
use  and  calibration  of  sectors  disks  and  will  be  of  advantage  to 
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the  various  laboratories  because  of  the  fact  that  it  brings  together 
in  condensed  form  the  available  information. 

Whenever  possible,  we  make  use  of  the  method  of  substitution 
rather  than  that  of  special  calibration  of  our  disks. 

F.  E.  Cady  (in  reply)  :  In  answer  to  Dr.  Nutting's  question, 
it  may  be  said  that  while  the  use  of  the  photoelectric  cell  would 
eliminate  the  eye  error  during  calibration,  this  error  would  be 
present  in  the  use  of  the  disk  with  an  ordinary  photometer  and, 
hence,  would  have  to  be  taken  into  account.  The  methods 
described  in  the  paper  were  worked  out  with  the  idea  of  calibrating 
the  disks  as  nearly  as  possible  under  the  conditions  of  their  normal 
use  with  the  regular  types  of  photometer.  Furthermore,  while 
some  work  has  been  done  on  the  verification  of  Talbot's  law  in 
connection  with  disks  used  with  photoelectric  cells,^  a  more  com- 
plete verification  v.ould  seem  to  be  desirable  before  assuming  this 
law  for  purposes  of  calibration. 

In  spite  of  the  evidence  presented  in  this  and  previous  papers, 
Dr.  Ferree  seems  doubtful  of  the  validity  of  Talbot's  law  "for  all 
values  of  open  sector  for  all  compositions  and  intensities  of  light." 
It  is  true  that  the  proof  so  far  has  been  limited  to  openings  as 
small  as  2°,  and  to  a  few  measurements  with  dififerent  colored 
sources,  but  these  limits  would  seem  to  be  ample  to  cover  the 
necessities  of  all  ordinary  photometric  work,  and  this  is  the  type 
of  work  for  which  the  paper  was  written. 

(i)    Kunz,  Asfrophys-    Jour.,  45,  p.  69,  1917. 
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THE  POLARIZATION  METHOD  OF  MEASURING  THE 
GLOSS  OF  PAPER  AND  SIMILAR  SURFACES* 


BY  I,.  R.   INGERSOIvL** 


The  matter  of  glare  from  highly  finished  book  and  magazine 
papers  is  one  which  has  of  late  attracted  a  great  deal  of  well 
merited  attention.  It  is  probable  that  almost  every  one  can  re- 
call an  experience — similar  to  the  writer's — in  which  he  has  at 
some  time  or  other  suffered  so  much  eye  strain  from  reading 
certain  periodicals  printed  on  glossy  paper  that  he  has  been  de- 
cidedly prejudiced  against  such  magazines. 

It  may  be  remarked  that  printers  as  a  whole  are  quite  alive  to 
this  situation — which  is  well  set  forth  in  a  little  pamphlet  written 
by  the  Committee  on  Glare  from  Reflecting  Surfaces  of  the  Illum- 
inating Engineering  Society — and  a  determined  effort  is  being 
made  to  secure  paper  of  a  moderate  finish  which  will  still  allow 
the  production  of  fine  half-tones,  but  some  years  ago  the  writer 
came  to  the  conclusion  that  any  real  progress  in  mitigating  this 
nuisance  of  glare  from  glossy  printing  papers  will  require  some 
more  or  less  exact  way  of  specifying  the  gloss  or  degree  of  finish 
of  the  paper  used.  The  result  of  a  study  of  this  subject  has  been 
the  development  of  the  polarization  method  and  instrument  for 
the  measurement  of  this  quality  of  gloss,  and  it  is  this  which  is 
about  to  be  described. 

It  will  be  recalled  that  there  are  two  types  of  reflection  which 
light  may  suffer  at  a  surface.  The  first  of  these  is  called  "specu- 
lar" in  that  it  is  exemplified  by  the  mirror.  In  this  case  the  angles 
of  incidence  and  reflection  are  equal  and  the  other  laws  of  regular 
reflection  obeyed.  The  size  of  the  image  of  the  source  as  seen  in 
a  mirror  is  dependent  on  the  distance  the  source  is  away  but  its 
intrinsic  brilliancy  is  independent  of  such  distance.  The  other 
type  is  "diffuse"  reflection.  In  this  case,  there  is  no  regularity 
of  reflection,  no  obedience  to  the  law  just  cited  of  equality  of 
angles. 

Now  in  most  surfaces,  of  which  paper  is  a  very  good  ex- 
ample, there  occurs  a  combination  of  these  two  types  of  reflection. 

*A  paper  presented  before  the  Philadelphia  vSectioii    of    the  IlhiminatiiigKiigiueering 
Society,  March  18,   1921. 
**  Physical  I,aboratory,  University  of  Wisconsin. 
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Such  a  surface  might  be  thought  of  as  produced  by  overlaying  a 
perfect  matte  surface  with  one  or  more  sheets  of  glass.  Perhaps, 
a  better  way  is  to  regard  it  as  a  combination  of  little  specularly- 
reflecting  facets,  produced  by  the  calendering  process,  between 
which  are  diffusely-reflecting  areas.  The  specularly  reflected 
light  from  such  paper  constitutes  the  glare  which  we  have  been 
discussing,  while  the  diffuse  reflection  gives  rise  to  the  soft  gen- 
eral illumination.  The  above  discussion  of  these  types  of  reflec- 
tion shows  furthermore  why  the  glare  is  so  much  more  annoying 
when  reading  at  night,  especially  at  some  distance  from  the 
source  of  illumination,  for  the  brilliancy  of  the  source  as  seen  re- 
flected from  the  paper  is  independent  of  its  distance,  as  remarked 
above.  The  glare  then  will  be  decidedly  dependent  upon  the 
type  of  illumination,  but  if  we  adopt  a  standard  type  for  purposes 
of  measurement  as  will  be  described  later,  the  gloss  of  a  surface 
may  be  defined  in  terms  of  the  glare  to  which  it  gives  rise. 

Now  there  are  at  least  two  different  ways  of  measuring  and 
specifying  gloss  in  terms  of  specular  and  diffuse  reflection ;  the 
first  has  already  been  described  before  The  Illuminating  Engi- 
neering Society  by  Dr.  Nutting.^  While  an  essentially  direct  and 
accurate  method,  it  requires  expensive  instruments  and  is  some- 
what more  complicated  than  the  polarization  method  now  to  be 
described.  In  discussing  this  method,  perhaps,  a  word  or  two  in 
regard  to  the  principles  of  elementary  physics  involved  will  not 
be  out  of  place.  The  illuminating  engineer,  while  an  authority 
on  the  subject  of  light  and  lighting,  is  not  as  much  concerned  as 
is  the  physicist  over  what  light  really  is.  As  a  result  of  investi- 
gations of  the  last  two  hundred  years  or  more,  the  physicist 
knows  that  what  we  term  "light"  is  a  wave  disturbance,  electro- 
magnetic in  character,  belonging  to  the  same  family  as  the  X-rays 
which  are  some  ten  thousand  times  shorter,  and  the  wireless 
waves  which  may  be  a  million  times  longer  than  ordinary  visible 
light  waves.  These  visible  light  waves  are  indeed  very  short,  be- 
ing in  ordinary  units  only  1/2000  of  a  millimeter  or  the  fifty- 
thousandth  of  an  inch  in  length  for  light  of  a  blue-green  color. 

Ordinary  light  is  unpolarized,  that  is  to  say,  the  vibrations 
take  place  in  every  possible  orientation  at  right  angles  to  the  di- 
rection of  propagation  or  ray.     By  certain  means,  however,  we 

>  Transactions.  I.  E.  S.,  Vol.  VII,  p.  412. 
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can  plane-polarize  light,  that  is,  suppress  or  cut  out  all  vibrations 
except  those  which  take  place  in  a  single  plane.  More  accurately 
we  take  only  the  components  of  vibration  which  lie  in  this  one 
plane.  The  time-honored  example  of  the  clothes  line  which  is 
being  vibrated  in  every  possible  direction  and  which  is  allowed  to 
pass  through  the  back  of  a  chair  with  vertical  rods  is  a  good  one 
here.  It  is  obvious  that  only  vertical  vibrations  can  proceed  down 
the  rest  of  the  line. 

There  are  two  simple  ways  of  polarizing  light.  In  the  first  it 
is  allowed  to  go  through  a  piece  of  double-refracting  material 
cut  or  worked  in  a  certain  fashion.  The  commonest  example  of 
such  is  the  nicol  prism  which  transmits  only  such  vibrations  as 
are  parallel  to  the  shortest  diagonal  of  the  nicol  prism.  The 
other  method  is  by  reflection  at  the  surface  of  a  dielectric  or  non- 
conducting material  such  as  glass,  or  even  water.  When  this 
reflection  takes  place  at  a  certain  oblique  angle  termed  the  polariz- 
ing angle — determined  by  the  fact  that  the  tangent  of  this  angle 
is  the  index  of  refraction  of  the  substance — almost  complete 
polarization  takes  place.  That  is,  the  specularly  reflected  light 
is  all  plane  polarized  and  in  such  a  way  that  the  vibrations  are 
parallel  to  the  surface.  Such  polarization  would  be  recognized, 
not  by  the  eye,  for  the  unaided  eye  cannot  recognize  polarized 
light,  but  by  examining  the  reflected  light  with  a  nicol  prism.  It 
is  found  that  when  the  shortest  diagonal  of  the  nicol  is  horizon- 
tal the  light  gets  through  and  when  it  is  vertical  none  of  this  light 
is  transmitted. 

Now  if  we  examine  a  surface  of  glossy  paper  under  these 
same  circumstances  we  find  that  the  specularly  reflected  part  of 
the  light — that  is,  the  glare — is  almost  completely  plane  polarized 
just  as  was  the  case  with  the  glass  plate.  The  diffusely  reflected 
part,  however,  is  unpolarized.  When  the  writer  first  noticed  this 
it  occurred  to  him  at  once  that  the  glare  might  well  be  measured 
by  the  percentage  of  polarization  in  the  obliquely  reflected  light. 
More  accurately,  if  one  is  to  examine  a  sheet  of  paper  in  such  a 
way  that  light  from  a  source  subtending  a  certain  angular  magni- 
tude is  directly  reflected  at  an  angle  of  about  57  degrees  into  the 
eye,  then  the  fraction  of  the  brightness  of  the  sheet  which  is  due 
to  polarized  light  may  be  regarded  as  a  measure  of  the  glare  (in 
certain  arbitrary  units)  and  is  taken  as  a  measure  of  its  gloss. 
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Fig.  I  — Polarization  Methods. 
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Fig.  2— Optical  system,  incident  and  reflected  rays  at  57°  with 
norni.al  to  plane  of  the  paper. 


Pig.  3— The  Glarimeter. 
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This  in  brief  is  the  principle  of  the  polarization  method  of  gloss 
measurement. 

There  are  several  possible  ways  in  which  it  may  be  embodied 
in  instrumental  form.  The  one  which  is  described  and  illustrated 
here  is  particularly  designed  for  use  in  paper  mills.  The  opera- 
tion of  the  instrument  will  be  made  clear  by  a  study  of  the  Figs. 
I  to  3.  The  first  illustrates  the  polarizing  action  of  a  nicol  prism 
and  also  polarization  by  a  glass  plate  or  sheet  of  glossy  paper. 
Now,  of  course,  we  could  form  some  estimate  of  gloss  by  simply 
turning  a  nicol  prism  about  the  axis  of  the  reflected  beam  and 
making  a  mental  estimate  of  the  magnitude  of  the  change  in 
brilliancy  as  it  is  revolved.  Such  a  scheme  would  not  be  at  all 
suited  to  exact  measurements,  however.  For  these  we  must  make 
use  of  the  principle  of  the  bi-field.  It  is  a  well-known  fact  that 
while  the  eye  cannot  judge  absolute  brightness  with  accuracy  it 
is  very  successful  in  determining  relative  brightness,  or  rather  in 
matching  two  halves  of  a  field  so  that  they  are  of  the  same  bright- 
ness. This  can,  as  you  well  know,  be  done  with  an  accuracy  bet- 
ter than  a  half  of  one  per  cent  and  is  indeed  the  principle  of  prac- 
tical photometry. 

The  exact  way  in  which  this  bi-field  principle  is  applied,  as 
well  as  other  details  of  how  the  method  is  worked  out  is  made 
clear  in  the  second  figure.  It  may  be  remarked  that  the  optical 
system  is  of  considerable  improvement  over  the  early  and  some- 
what crude  form  described  elsewhere.-  The  source  of  light  is  a 
white-glass  50-watt  tungsten  lamp  placed  behind  a  diaphragm 
which  subtends  at  the  paper  a  definite  solid  angle,  which  has  been 
fixed  after  some  experimentation  at  about  0.03.  The  light  is  in- 
cident at  an  angle  of  57  degrees,  measured  from  the  vertical,  and 
the  paper  sample  is  held  in  a  special  clip. 

The  light  then  enters  the  polarimeter  which  is  a  modification 
of  an  instrument  known  to  meteorological  observers  in  connec- 
tion with  sky  polarization  measurements  as  the  Pickering  polari- 
meter. In  the  form  as  modified  it  consists  of  a  slit,  which  is  ad- 
justable in  width,  a  quartz  Wollaston  double-image  prism,  a 
simple  lens  and  a  nicol  rotating  in  a  divided  circle.  On  looking 
in  the  eyepiece — supposing  for  the  moment  that  the  nicol  has 
been  removed — we  see  two  images  of  the  slit     formed  by     the 

'  Electrical  World,  March  21,  1914. 
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double-image  prism.  They  are  of  two  mutually  perpendicular 
planes  of  polarization,  that  is,  the  upper  slit  image  is  polarized 
with  electric  vector  horizontal,  say,  so  that  it  contains  all  the 
specularly  reflected  component  as  well  as  half  the  diffuse.  The 
other  slit  cuts  out  the  glare  and  lets  through  half  the  diffuse.  The 
two  will  obviously  then  be  of  very  unequal  brightness,  but  if 
viewed  through  a  nicol  and  the  latter  turned  through  the  proper 
angle,  they  may  be  brought  to  the  same  brightness.  When  this 
is  the  case,  simple  mathematical  considerations  show  that  the 
fraction  of  the  light  which  is  polarized  is  determined  by  the 
simple  process  of  taking  the  cosine  of  a  double  angle.  It  is  now 
recommended,  however,  that  the  gloss  be  expressed  directly  in 
terms  of  the  angle  as  read  on  the  scale.  While  this  may  seem  at 
first  very  arbitrary  there  are  a  great  many  things  to  be  said  in 
its  favor.  On  this  scale,  a  soft  blotting-paper  surface  will  read 
about  20  degrees  of  gloss,  a  dull  finished  piece  of  print  paper  25, 
a  low  gloss  30,  medium  gloss  35  and  high  finish  40.  The  very 
highest  finish  in  white  paper — glazed  surface — reads  50  degrees. 

The  third  figure  shows  how  these  principles  are  embodied  in 
a  practical  instrument  which  the  writer  has  termed  the  "Glari- 
meter"  inasmuch  as  it  measures  gloss  in  terms  of  glare.  There 
are  a  number  of  possible  fields  of  usefulness  for  this  instrument. 
Undoubtedly  the  most  important  one  is  in  the  paper  mill  where 
its  use  will  enable  the  manufacturer  to  control  the  uniformity  of 
finish  of  his  product  just  as  he  now  does  its  basis  weight,  strength 
and  other  qualities.  A  number  of  paper  mills  are  already  using 
these  instruments  and  give  very  favorable  reports  of  them  based 
on  the  speed  and  accuracy  with  which  determinations  may  be 
made  even  by  inexperienced  men. 

Another  field  of  usefulness  lies  in  the  assistance  it  will  render 
the  paper  user  in  specifying  exactly  the  degree  of  finish  he  desires. 
This  point  may  not,  at  first  sight,  appeal  so  favorably  to  the  paper 
maker,  but  when  it  is  remembered  that  the  same  instrument 
which  enables  the  user  to  specify  will  also  assist  the  maker  in 
complying — within  reasonable  limits,  of  course — with  these 
specifications,  that  it  will  eliminate  guess  work  and  the  possibility 
of  a  misunderstanding  over  what  constitutes  a  "high  finish"  or 
"medium  finish,"  it  is  probable  that  the  maker  will  welcome  its 
advent  into  this  field,  as  well  as  the  user. 
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Certain  other  uses  may  also  be  suggested  :— It  will  prove  use- 
ful in  testing  and  grading  photographic  stock,  it  can  be  used  to  give 
point  to  legislation  already  suggested  to  limit  the  allowable  gloss 
m  school  book  papers,  it  may  help  the  printer  in  his  choice  of 
mks  for  certain  purposes,  and  it  will  assist  in  the  development 
of  improved  book  or  magazine  papers. 

The  last  point  will  bear  explanation.     There  are  really  two 
distinct  qualities  concerned  when  we  speak  of  the  gloss  or  finish 
of  paper,   one  being  its  mechanical   smoothness  or  "feel,"   the 
other  its  "optical   smoothness"  or  glare-producing  quality.     In 
general  the  two  are  proportional,  particularly  in  a  given  type  of 
finish  where  the  glarimeter  which  measures  primarily  only  the 
latter  quality  serves  with  equal  accuracy  to  determine  the  former. 
When  widely  different  sorts  of  paper  are  concerned,  however, 
this  may  not  be  exactly  the  case.    An  exaggerated  example  would 
be  a  sheet  of  super-calendered  paper  in  which  one  had  pricked 
many  fine  needle  holes.    Such  a  sheet  would  still  give  a  high  gloss 
reading  but  would  feel,  on  the  burr  side  at  least,  decidedly  rough. 
Now  the  printer,  having  in  mind  his  fine  half-tones,  desires 
a  smooth  paper,  but  because  of  the  awakening  public  interest  in 
the  matter  of  eye  discomfort  from  glare,  must  not  use  too  highly 
finished  stock.     The  development  of  a  paper  with  smooth  sur- 
face but  low  glare-producing  quality  is  accordingly  highly  to  be 
desired.     Some  decided  progress  has  already  been  made  along 
this  line  but  more  is  sure  to  follow,  in  which,  it  is  hoped,  the 
glarimeter  will  have  a  part. 

While  it  is  intended  primarily  for  white  or  lightly  tinted 
papers,  the  instrument  can  be  used  satisfactorily  with  colored 
stock  when  a  piece  of  glass  of  approximately  the  same  color  is 
mserted  in  the  eyepiece.  Its  use,  however,  is  not  limited  to  papers 
for  in  a  somewhat  different  form  it  might  be  used  to  measure 
the  gloss  or  finish  of  a  desk  top,  wall,  automobile  body,  textiles, 
etc.  The  method  has  just  one  essential  limitation  and  that  is 
It  is  not  applicable  to  surfaces  showing  metallic  reflection.  Such 
surfaces  do  not  polarize  in  the  way  already  described,  and  ac- 
cordingly cannot  be  tested  in  this  fashion.  There  are  not  so  many 
practical  cases  of  bright  metal  surfaces  which  it  would  be  de- 
sirable to  test  in  this  way,  however;  most  such  surfaces  are 
painted— as  auto  bodies— and  they  are  readily  tested. 
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Reverting,  in  conclusion,  to  the  idea  developed  at  the  outset 
of  the  evils  of  glossy  book  or  magazine  paper  and  the  desirability 
of  remedying  them,  the  writer  would  like  to  make  some  specific 
suggestions  as  to  what  the  Illuminating  Engineering  Society  can 
do  to  improve  conditions  in  this  respect.  It  is  believed  for  in- 
stance, that  a  recommendation  that  children's  school  books  be 
printed  on  paper  with  a  gloss  of  less  than  27  or  28  degrees,  would 
be  a  move  in  the  right  direction.  A  recommendation  of  this 
character  indeed  was  adopted  some  years  ago  by  a  New  York 
Association  of  school  principals,  but  as  there  was  no  means  of 
measuring  gloss,  the  specification  could  be  made  in  only  the 
most  general  terms.  In  the  matter  of  ordinary  reading  matter 
for  adults  a  little  higher  finish  is  allowable,  perhaps.  There  is 
reason  to  believe,  however,  that  there  is  a  rather  narrow  limit  of 
gloss — about  30  degrees  on  the  scale  of  the  glarimeter — which 
will  still  yield  sufficiently  good  half-tones  and  at  the  same  time 
be  relatively  easy  on  the  eye.  A  little  lower  finish  than  this  and 
there  is  trouble  with  the  illustrations;  a  little  higher  and  the  eye 
begins  to  feel  the  strain  from  the  glare.  A  number  of  magazines 
are  now  standardizing  on  paper  of  about  this  gloss  and  it  is  be- 
lieved that  the  pressure  of  the  opinion  of  this  Society,  represent- 
ing as  it  does  the  crystallization  of  a  more  or  less  hazy  but  power- 
ful public  demand,  could  eventually  bring  about  its  general  adop- 
tion. 
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BY  WM.  V.  D.   KELLEY  ** 


To  many  persons  not  actively  engaged  in  some  branch  of 
the  motion  picture  business  who  are  usually  only  casual  visitors 
to  the  cinema  theatres,  a  colored  film  may  mean  one  using  one  or 
more  of  the  following  methods: 

(a)  tinting 

(b)  toning 

(c)  hand  coloring 

(d)  stencils 

(e)  impressions  from  matrixes 

all  of  which  make  use  of  the  ordinary  black  to  white  film  and  are 
colored  by  means  within  the  scope  or  taste  of  the  individuals 
doing  the  work. 

Generally  the  results  are  in  the  nature  of  mass  effects, 
although  the  stencil  and  printing  systems  do  select  and  color 
portions  of  the  scenes — usually  the  still  portions — quite  accurately. 
In  the  Pathe  stencil  process  the  costumes  and  very  fine  details 
are  often  remarkably  well  done. 

Consider  that  the  total  area  of  the  scene  on  the  films  is  less 
than  0.75  in.  by  i  in.,  that  the  magnification  is  more  than  200 
diameters,  that  there  are  16  complete  pictures  showing  each 
second  and  16,000  pictures  in  a  single  reel,  that  the  slightest 
variation  in  tint,  or  shade,  or  wandering,  of  the  color,  is  visible 
to  the  audience  and  one  will  begin  to  realize  some  of  the  difficulties 
encountered  in  coloring  lengths  of  films. 

NATURAL  COLOR  PICTURES 
The  process  that  is  the  subject  of  this  paper  differs  from  all 
of  the  above  in  that  the  work  is  mechanical,  chemical  and  optical. 
The  choice  of  the  colors  and  the  final  results  depending  on  the 
accuracy  of  the  plans. 

In  the  words  of  Professor  Louis  Derr  of  Mass.  Institute  of 
Technology : 

*  A  paper  presented  before  the  New  York  and  Philadelphia  Sections  of  the  Illumi- 
nating Engineering  Society.  February  lo  and  is,  1921. 
♦*  Prizma,  Inc.,  New  York  City. 
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"i.  The  process  is  well  founded  and  carefully  built  upon  a  sound 
scientific  basis,  and  is  scientifically  up  to  date. 
"2.  Some  colors  are  excellently  produced,  but  not  all  in  a  given 
area.  By  the  use  of  special  filters  in  the  taking  camera,  par- 
ticularly subjects  of  limited  color  range  can  be  almost  perfectly 
reproduced.  The  process  should  be  of  particular  value  in  scien- 
tific films,  advertising  films  and  films  involving  portraits.  The 
'feature  film'  which  does  not  demand  violet  and  bizarre  lighting 
effects  also  seems  to  me  to  offer  a  particularly  inviting  field. 
"3.  The  product  can  be  used  in  the  ordinary  motion  picture 
projector,  without  change  or  modification  of  any  kind  in  the 
mechanism  and  requires  no  special  skill  on  the  part  of  the 
operator. 

"4.     The  process  is  mechanically  simple,  and  presents  no  difficulty 
in  the  way  of  quantity  production." 

In  other  words,  we  do  fairly  accurately  what  every  user  of 
a  camera  has  desired,  namely  to  take  the  pictures  in  the  negative 
so  as  to  reproduce  on  the  positive  the  scenic  view  or  object  as 
one  sees  it  on  the  ground  glass  or  view  finder — that  is  in  the  colors 
of  nature. 

Scientists  do  not  agree  as  to  the  actual  means  by  which 
colors  are  produced  or  as  to  why  we  see  them  as  we  do.  We  do 
know  that  as  a  practical  proposition  white  light  may  be  divided 
into  three  parts — red,  green  and  blue  and  that  with  these  three 
colors  plus  white  or  black,  one  can  reproduce  all  shades  or  mix- 
tures of  colors. 

We  also  know — practically — that  with  a  complimentary  pair 
of  colors — for  example  a  red-orange  and  the  complimentary  color 
of  green-blue  that  mixtures  of  these  two  colors  will  give  all  of  the 
colors  found  prepondering  in  nature — the  weakness  appearing  in 
yellows  which  show  as  orange  yellow  and  purples  which  show  as 
browns.  But  here,  even,  the  inaccuracy  is  not  noticeable  if  the 
colors  taken  in  association  are  suitable. 

The  above  statement  merely  means  that  any  one  pair  of  colors 
will  not  reproduce  every  color  in  any  one  picture  area.  However, 
in  making  motion  pictures  one  is  not  confined  to  any  one  pair  of 
colors  throughout  the  reel  and  by  using  filters  to  suit  the  scene  or 
objects  being  photographed,  he  can  in  a  reel  or  film  show  every 
color  and  shade  that  the  eyes  will  perceive. 
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To  reproduce  every  shade  and  color  in  any  one  picture  area 
would  mean  dividing  the  spectrum  into  three  parts.  In  motion- 
picture  photography,  due  to  the  facts  outlined  in  the  above  para- 
graph and  also  due  to  practical  considerations,  we  have  found 
that  by  dividing  the  spectrum  into  two  parts,  we  are  able  to  pro- 
duce satisfactorily  all  that  is  required  for  our  work. 

TAKING  THE  PICTURES 

In  such  a  two-color  process  the  pictures  are  taken  in  pairs 
on  a  single  width  film,  one  over  the  other,  or  on  double  width 
film,  the  images  being  side  by  side,  one  picture  being  taken  through 
a  red-orange  filter  and  the  companion  picture  through  a  blue- 
g^een  one. 

The  negatives  are  developed  in  total  darkness,  or  by  means 
of  a  safe  light  which  is  green  and  not  red.  Otherwise,  they  are 
handled  exactly  as  ordinary'  films,  being  passed  first  through  a 
developing  bath,  then  through  a  fixing  bath  and  finally  given  a 
wash. 

After  being  dried  the  negative  is  used  for  printing  on  to  the 
positive.  The  positive  may  have  a  single  coating  of  the  sensitive 
silver  emulsion  on  one  side  or  two  coatings,  one  on  each  side. 
The  negative  generally  used  in  our  work  is  of  the  single  strip 
variety  with  the  adjacent  images  in  pairs,  one  over  the  other,  so 
that  throughout  the  length  of  the  negative  the  red  picture  alter- 
nates with  the  green  value  picture.  The  pictures  at  this  stage  are 
in  black  to  gray  silver  and  without  color,  the  color  being  rep- 
resented in  the  values  of  the  amount  of  silver  deposited.  The 
printing  machine  first  prints  all  of  the  red  value  pictures  in  close 
succession  on  the  positive,  this  being  done  by  a  device  that  feeds 
the  negative  pictures  two  areas  and  the  positive  one  area.  The 
second  set  of  pictures,  representing  the  green-blue  ones  are  next 
printed  exactly  over  the  red  pictures.  This  work  is  kept  accurate 
to  a  very  high  degree  so  that  the  pictures  in  projection  show  no 
oflFset  within  the  limits  of  the  defining  power  of  the  projection 
lenses.  This  is  a  point  of  very  great  practical  importance,  for 
inaccurate  registration  of  the  pictures,  which  would  have  a  per- 
sistent fringe  of  color,  would  not  only  mar  the  picture  but  would 
probably  cause  eye  discomfort  to  the  spectators, 
S 
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DEVELOPING  THE  FILMS 

The  positive  film  is  then  developed,  fixed  and  washed,  after 
w^hich  it  is  passed  through  a  bath  w^hich  bleaches  or  oxidizes  the 
silver  so  that  the  film  apparently  contains  no  image..  The  film 
is  then  dried.  This  clearing  process  is  a  very  necessary  step  in 
the  conversion  of  the  black  opaque  silver  image  into  a  transparent 
dye  image,  the  technical  term  of  which  is  dye-toning.  During  the 
treatment  in  the  oxidizing  bath,  the  gelatine  acquires  a  curious 
and  valuable  property  of  absorbing  certain  kinds  of  dye  in  pro- 
portion to  the  amount  of  silver  in  the  image  and  of  holding  the 
dye  so  that  it  is  not  washed  out  by  the  subsequent  immerging  of 
the  film  in  water  for  clearing  the  film  of  any  stains.  The  par- 
ticular process  used  produces  unusually  clear  whites,  a  valuable 
function  in  this  kind  of  work. 

COLORING  THE  FILMS 

This  is  performed  in  a  special  machine  after  the  film  has  been 
dried.  The  film  passes  over  baths  containing  dye,  and  the  entire 
surface  of  the  gelatine  is  permitted  to  touch  the  dye  bath,  but  due 
to  the  previous  treatment  the  dye  is  absorbed  only  where  the 
silver  previously  occupied  the  gelatine.  In  this  same  machine 
the  film  is  dried  and  as  it  emerges  is  ready  for  titling  and  joining 
into  full  reels.  It  does  not  stop  anywhere  in  its  course  through 
the  machine  and  may  be  examined  by  daylight  at  any  point  in  its 
journey. 

RESULTS 

Color  is  physiological  and  depends  on  the  human  element,  or 
the  state  of  one's  eyes,  or  it  may  be  altered  by  his  physical  con- 
dition. All  of  us  are  color  blind  to  some  extent,  the  degree 
depending  on  our  training.  For  the  same  reason,  the  lower  races 
of  man,  not  appreciating  tints  and  delicate  mixtures,  select  the 
most  gaudy  colors  for  adornment.  The  same  statements  hold 
good  in  the  public  showing  of  our  films.  The  newspaper  critics 
get  into  print  and  we  learn  to  know  what  they  like.  Others  do 
not  get  such  publicity,  but  we  learn  what  they  think  by  one  means 
or  another.  It  is  surprising.  I  could  give  dozens  of  examples, 
but  just  two  of  wide  variety  will  do.     The  writer  of  technical 
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articles  and  a  student  of  color  photography  on  one  of  our  trade 
papers  says :  "We  favor  bright,  vivid  colors."  While  another 
writer  on  the  N.  Y.  Times  says :  "And  only  last  week  the  Prizma 
Company  revealed  its  best  work  of  the  year,  a  screen  version  of 
"Heida"  in  colors,  which  had  a  chromatic  quality  far  superior  to 
the  same  company's  earlier  attempt  with  Whittier's  "In  School 
Days,"  referring  to  a  three  reel  designed  to  carry  soft  pastel 
shades  with  no  vivid  coloring  whatever,  while  the  picture  "In 
School  Days"  was  vivid  with  color. 

Therefore,  if  the  particular  picture  that  you  are  witnessing 
jars  you  in  any  way,  remember  your  neighbor  sees  it  with  another 
pair  of  eyes  and  most  likely,  differently. 

If  the  pictures  of  the  future  are  to  be  in  color,  I  hope  you 
will  endeavor  to  standardize  the  curtain  and  the  source  of  light — 
both  of  which  should  be  kept  as  nearly  as  you  can  to  a  creamy 
white,  the  main  variants  in  this  country  being  the  carbons  used 
in  the  projector  which  gives  tones  from  yellow  to  blue  and  the 
curtains  which  show  about  the  same  range.  These  changes  act 
as  a  tint  over  the  entire  film  and  may  make  the  picture  appear 
either  warm  or  cold. 
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A  FOCUS-INDICATOR  FOR  HEADLIGHTS. 


BY   h.   O.   GRONDAIIL* 


The  advances  of  the  last  few  years  in  the  design  of  head- 
light lenses  and  the  progress  made  in  the  writing  of  headlighting 
specifications  have  resulted  in  greatly  improved  road  illumina- 
tion and  in  a  considerable  reduction  in  glare.  The  practical  re- 
sult, however,  is  still  far  from  satisfactory.  Anyone  who  has  had 
to  stpp  at  the  roadside  at  night  in  order  to  let  "non-glare"  head- 
lights pass  because  it  was  impossible  for  him  to  see  what  he  was 
driving  into,  realizes  that  the  problem  is  not  yet  solved. 

A  number  of  headlight  lenses  are  in  use  which,  when  proper- 
ly adjusted,  give  good  road  illumination,  good  side  illumination, 
and  at  the  same  time  keep  the  glare  below  a  value  that  has  been 
considered  allowable  by  the  I.  E.  S.  Committee  on  Motor  Vehicle 
Lighting.  The  cause  of  the  glare  conditions  that  persist  in 
spite  of  the  use  of  good  lenses  is  the  difficulty  in  adjusting  and 
maintaining  adjustment  of  the  headlight.  In  order  to  give  the 
headlight  lens  an  opportunity  to  function  properly  the  lamp  must 
be  properly  focussed  and  properly  aimed.  This  ordinarily  in- 
volves a  careful  adjustment  of  both  these  variables  before  the 
lens  is  applied  to  the  lamp.  It  also  means  frequent  inspection 
and  readjustment  for  which  it  is  necessary  to  remove  the  lens  in 
each  case. 

It  has  been  thought  that  vigilance  on  the  part  of  the  police 
would  result  in  every  driver  making  these  adjustments  as  needed. 
The  difficulty  arises,  however,  that  the  officer  in  order  to  de- 
termine whether  the  device  is  or  is  not  functioning  in  accordance 
with  law  must  do  one  of  two  things :  Either  he  must  make  photo- 
metric measurements  in  different  parts  of  the  beam  (and  that 
involves  taking  an  instrument  and  having  the  car  driven  to  a 
secluded  spot),  or  he  must  take  the  car  where  he  can  project  the 
beam  on  a  wall  and  take  off  the  lenses  before  he  can  see  whether 
the  lamps  are  properly  focused  and  directed.  The  result  is  that 
it  is  too  much  trouble  for  the  driver  to  keep  his  lamps  in  adjust- 
ment and  it  is  too  inconvenient  and  time  consuming  for  the  of- 
ficer to  determine  whether  the  law  is  being  obeyed.     The  lamps 

*  Union  Switch  and  Signal  Co.,  Swissvale,  Pa. 


A   FOCUS-INDICATOR   FOR    HEADUGHTS  165 

get  out  of  adjustment  and  remain  that  way,  and  in  spite  of  tlie 
fact  that  automobile  owners  are  buying  and  using  really  valuable 
devices  we  still  suffer  with  the  glare. 

The  importance  of  proper  adjustment  has  been  very  strongly 
brought  out  by  various  writers  and  especially  in  the  reports  of 
the  I.  E.  S.  Committee  on  Headlighting  Specifications.  One 
difficulty  often  emphasized  is  the  fact  that  it  is  not  easy  to 
write  the  directions  for  focussing  a  lamp  so  that  the  average 
driver  can  understand  and  apply  them.  The  remedy  seems 
to  the  writer  to  lie  in  increased  convenience  and  simplicity  in 
the  method  of  making  the  inspection  and  the  adjustment  of  the 
lamp.  The  first  requisite  is  that  the  adjustment  may  be  inspected 
without  the  removal  of  the  lens,  which  is  necessary  at  present. 
Such  convenient  inspection  can  be  made  in  a  very  simple  way, 
which  can  be  applied  to  lenses  that  are  designed  with  this  end 
in  view. 

A  lens  to  be  used  with  this  method  of  inspection  and  fo- 
cusing must  have  one  or  more  areas  designed  for  use  as  focusing 
areas.  When  the  inspection  is  to  be  made,  a  screen  is  placed 
over  the  lens,  which  covers  all  but  these  areas.  If  the  lamp  is 
directed  so  that  the  beams  projected  through  these  areas  fall  on 
a  distant  screen,  there  will  be  a  spot  of  light  corresponding  to 
each  focusing  area.  When  the  lamp  is  in  proper  focus,  these  spots 
occupy  known  relative  positions.  It  is,  therefore,  a  matter  of  only 
an  instant's  observation  to  determine  whether  the  head-lamp  is,  or 
is  not,  properly  focused. 

If,  as  is  true  in  the  case  of  some  head-lamps,  it  is 
possible  to  change  the  position  of  the  lamp  with  refer- 
ence to  the  reflector,  without  removing  the  lens  or  otherwise  dis- 
mantling the  head-lamp,  the  adjustment  of  the  focus  may  then  be 
made  very  quickly  and  easily.  It  is  only  necessary  to  move  the 
lamp  in  the  reflector  until  the  two  projected  spots  are  in  the 
proper  relative  position.  After  this  is  accomplished,  the  di- 
rection of  the  beam  may  be  adjusted  until  the  spots  strike  the 
screen  at  the  proper  distance  from  the  ground.  The  operation 
is  then  repeated  with  the  other  head-lamp. 

The  number,  position,  and  size  of  the  openings  in  the  screen 
dep^d  on  the  design  of  the  lens  with  which  it  is  to  be  used.    The 
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writer  has  designed  a  lens  with  two  slightly  prismatic  or  plane 
areas  at  opposite  ends  of  a  horizontal  diameter  which  are  used  to- 
gether with  a  screen  such  as  is  described  above  for  the  purpose 
of  indicating  when  the  lamp  is  properly  focussed  and  directed. 
A  single  portion  of  the  lens  that  is  not  violently  modified  may  be 
used,  the  rest  of  the  lens  being  screened  off.  Proper  focus  is 
then  indicated  by  the  size  of  the  projected  spot  or  by  its  shape. 
The  most  convenient  is  probably  two  openings  at  opposite  ends 
of  a  horizontal  diameter.  The  spots  can  then  be  superposed, 
brought  into  contact  or  into  any  other  relative  position  to  indicate 
the  proper  focus.  The  relative  position  is  different  for  different 
lenses  and  depends  on  the  design  of  the  lens.  If  two  such  spots 
on  a  lens  are  brilliantly  colored,  for  instance  one  red  and  the 
other  blue,  the  same  thing  may  be  accomplished  under  some  cir- 
cumstances without  a  screen  over  the  lens. 

Directions  for  applying  the  device  and  for  making 
all  adjustments  may  be  printed  on  the  screen.  The  in- 
structions are  different  for  each  individual  type  of  lens 
to  which  the  screen  is  to  be  applied.  The  screen  will 
also  in  many  cases  be  different  for  the  different  types  of 
lenses.  The  most  important  step  in  the  application  of  the  screen 
will  be  shown  in  prominent  characters  on  the  screen  so  that  the 
driver  and  the  inspector  may  both  know  at  once  what  to  look  for. 

The  directions  printed  on  the  screen  might  in  a  hypothetical 
case  read  as  follows : 

1.  With  the  car  fully  loaded  point  the  beams  to  a  wall 
or  screen  fifty  or  more  feet  distant  on  a  horizontal  stretch  of 
ground. 

2.  Cover  one  head-lamp  and  place  the  screen  over  the  other 
head-lamp.  If  two  separate  spots  are  projected  on  the  wall  the 
lamp  is  not  in  focus.  Adjust  the  lamp  until  the  spots  projected  on 
the  wall  coincide. 

3.  Adjust  the  tilt  of  the  head-lamp  until  the  center  of  the 
combined  spot  strikes  the  ivall  one  foot  below  the  level  of  the 
lamps. 

4.  Make  the  same  adjustments  with  the  other  head-lamp. 
Such  directions  are  simple  enough  to  enable  anyone  to  adjust 

his  own  head-lamps  and  to  enable  an  officer  to  make  a  quick  and 
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satisfactory  inspection  to  determine  whether  the  lamps  are  ])rop- 
erly  adjusted. 

If  no  wall  or  other  convenient  screen  is  available,  it  is  pos- 
sible to  determine,  on  a  screen  set  at  a  distance  of  only  a  foot 
from  the  lamp,  whether  or  not  the  lamp  is  in  focus.  This  can  be 
done  in  broad  daylight,  as  well  as  at  night.  An  officer  could  carry 
such  a  screen  and  a  collapsible  stand  which  he  could  set  up  in 
front  of  a  car.  This  would  make  it  possible  to  stop  a  car  at  any 
place  on  the  road  and  to  determine  exactly  the  condition  of  the 
focus  of  the  head-lamps.  The  procedure  w^ould  be  somewhat  as 
follows : 

The  officer  would  obtain  from  the  driver  of  the  car  the  fo- 
cusing screen  that  belongs  to  the  particular  type  of  head-lamp 
in  use.  He  would  then  adjust  his  own  screen  so  that  certain 
marks  on  it  would  be  at  the  same  distance  from  one  another  as 
the  openings  in  the  focusing  screen.  When  the  focusing  screen 
is  then  applied  to  the  lens  and  the  officer's  screen  is  set  up  at  a 
distance  of  one  foot  away  from  the  lens,  the  spots  projected  would 
fall  either  on,  or  very  near,  the  marks  on  the  officers  screen, 
Their  proper  position  is  known,  and,  therefore,  any  deviation  from 
this  position  would  indicate  an  improper  focus  of  the  head-lamp. 
It  would  be  a  simple  matter  also  for  the  officer  to  carry  an  adjust- 
able focusing  screen  that  could  be  applied  to  any  head-lamp  lens 
that  is  designed  for  use  with  such  a  screen.  The  whole  operation 
of  testing  the  focus  of  a  pair  of  head-lamps  would  take  a  very 
few  minutes. 

The  device  may  be  used  to  best  advantage  with  head-lamps 
of  which  the  focus  is  adjustable  without  dismantling.  The 
focusing  and  directing  then  becomes  a  very  simple  operation. 
However,  even  in  cases  where  that  can  not  be  done  it  serves  as 
a  method  by  means  of  which  the  driver  or  the  officer  can  tell  in 
a  minute  whether  a  set  of  lamps  is  or  is  not  in  proper  adjustment. 

This  method  of  focusing,  as  well  as  the  above-mentioned 
lens,  designed  especially  for  use  with  the  focus  indicator,  are 
subjects  of  pending  patents. 
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DISCUSSION 

The  paper  by  L.  O.  Grondahl  was  discus.sed  through  corres- 
spondence. 

L.  C.  Porter:  Mr.  Grondahl  has  pointed  out  clearly  in  his 
paper  the  situation  in  regard  to  the  use  of  automobile  head- 
lamps which,  even  with  the  best  and  simplest  of  focusing 
equipment,  or  means  of  determining  whether  or  not  the  lamps 
are  properly  focused,  will,  undoubtedly,  continue  to  exist; 
namely,  either  the  inability  of  the  motorist  to  properly  focus 
his  head-lamps,  or  the  crude  and  often  inaccessible  means  pro- 
vided for  adjustment. 

Even  wath  the  simplest  adjustments  readily  accessible,  there 
are  many  factors,  such  as  variations  in  individual  bulbs,  varia- 
tions in  reflectors,  sockets,  etc.,  which  would  continue  to  cause 
as  to  prevent  any  change  in  the  relative  positions  of  socket, 
reflector,  etc.,  in  service.  This  equipment  must  be  backed  up  by 
trouble.  The  remedy  is  a  head-lamp  in  which  the  various  parts 
are  made  with  great  accuracy,  and  mechanically  so  constructed 
an  incandescent  lamp  which  is  made  with  great  accuracy  as  to 
the  location  of  the  filament  with  respect  to  the  pins  on  the  base; 
that  is,  in  regard  to  light  center  length,  axial  alignment,  etc. 

It  has  been  very  difficult,  practically  impossible  in  quantity 
and  at  a  commercial  price,  to  construct  such  an  incandescent 
lamp  in  the  past.  The  bulb  is  made  up  of  various  parts  of  glass 
joined  together  in  a  molten  state,  and  under  these  conditions, 
manufacturing  tolerances  of  plus  or  minus  ^/gg  in.  in  light  center 
length,  and  ^/g^  in.  in  axial  alignment,  have  been  necessary. 

Recently,  however,  ways  and  means  have  been  found  of  very 
materially  improving  these  conditions,  and  lamps  are  now  being 
made  with  such  a  degree  of  accuracy  that  when  they  are  used 
in  a  head-lamp  made  with  corresponding  accuracy,  no  focusing 
mechanism  is  necessary.  When  one  lamp  fails,  the  lamp  replac- 
ing it  will  give  almost  identically  the  same  distribution  of  light 
as  the  lamp  which  it  has  replaced.  Such  a  combination  of 
precision  lamp  and  head-lamp  is  in  use  on  the  Wills  car. 

I  believe  that  work  along  these  lines  will  be  the  ultimate 
solution  of  the  head-lamp  troubles.  With  such  equipment,  a 
reflector  can  be  designed,  or  a  combination  reflector  and  lens 
used,  v/hich  will  give  any  desired  distribution  of  light,  and  with 
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this  distribution  properly  laid  out,  scientifically  illuminate  the 
road,  and  at  the  same  time  limit  the  glare,  the  problem  will  be 
ver)'  largely  solved. 

J.  A.  HoevelEr:  While  I  believe  that  a  focus-indicator  of 
the  type  described  in  this  paper  would  be  useful  to  the  individual 
motorist  in  keeping  his  headlights  properly  adjusted,  there  seem 
to  be  difficulties  in  applying  such  an  indicator  as  the  means  for 
enforcing  headlight  laws. 

The  enforcing  officer  must  have  available  a  focusing  screen 
for  every  type  of  head-lamp  device  he  may  encounter  or  an 
adjustable  one  as  suggested  by  Mr.  Grondahl  and  it  would  be 
necessary  for  him  to  be  familiar  w4th  the  adjustment  for  all  of 
the  multitude  of  so-called  lenses  now  in  use.  This  it  seems  to 
me  is  not  simplifying  his  tasks  but  rather  complicating  it. 

Experience  with  the  Wisconsin  headlight  law  firmly  convinces 
me  that  the  only  practical  way  of  enforcing  the  headlight  law  is 
by  the  establishment  of  official  testing  stations.  Moreover,  such 
testing  stations  to  be  most  successful  should  be  extremely  simple. 
The  ideal  station,  I  think,  is  the  one  in  which  a  car  may  be  driven 
and  with  one  observation  it  is  possible  to  ascertain  whether  or 
not  the  headlights  comply  with  the  minimum  requirements  of  the 
law. 

Such  a  test  station  has  been  established  in  the  city  of  Mil- 
waukee. A  set  of  three  guide  rails  are  provided  at  one  end  of 
the  building  into  which  the  cars  to  be  tested  can  be  backed. 
Three  cars  can  be  spotted  at  one  time.  One  hundred  feet  in 
front  of  the  cars  a  movable  test  board  is  located.  It  is  suspended 
from  a  track  and  can  be  slid  directly  in  front  of  the  headlights 
of  any  of  the  three  cars  to  be  tested.  The  board  is  white  and  in 
its  surface  are  located  four  three-inch  circular  translucent  bulls- 
eyes.  These  bulls-eyes  are  illuminated  by  small  lamps  placed  in 
chambers  at  the  rear  of  the  board.  The  positions  of  these  bulls- 
eyes  correspond  to  the  following: 

1.  Sixty  inches  above  the  level  surface  on  v;-hich  the 
motor  vehicles  stand  and  directly  in  front. 

2.  Sixty  inches  above  the  level  surface  on  which  the 
motor  vehicles  stand  and  seven  feet  to  the  left  of 
position  I. 
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3.  Twenty-nine  inches  above  the  level  surface  on  which 
the  motor  vehicles  stand  and  directly  in   front. 

4.  Twenty-nine  inches  above  the  level  surface  on  which 
the  motor  vehicles  stand  and  seven  feet  to  the  right 
of  position  3. 

The  brightness  of  these  bulls-eyes  is  adjusted  so  as  to  equal 
the  illumination  which  would  be  produced  at  these  points  by 
head-lamps  delivering  the  following  candle-power  values  in  the 
direction  of  these  points : 

1.  2400  candle-power. 

2.  800  candle-power. 

3.  4800  candle-power. 

4.  1200  candle-power. 

These  positions  and  these  candle-power  values  correspond  to 
the  Wisconsin  requirements  and  are  essentially  the  same  at  the 
I.  E.  S.  automobile  headlight  standards.  To  determine  whether 
or  not  the  head-lamps  under  test  are  in  compliance  with  the  law 
requires  merely  the  operation  of  the  engine  of  the  car  so  that 
the  head-lamps  will  deliver  their  full  strength  of  light.  If  the 
bulls-eyes  at  position  3  and  4  appear  dark  relative  to  their  back- 
ground, this  is  proof  that  the  head-lamps  are  supplying  more  than 
the  minimum  road  illumination  called  for  by  the  law.  If  the 
bulls-eyes  corresponding  to  i  and  2  remain  bright  relative  to 
their  background,  this  is  proof  that  the  brightness  of  the 
headlight  in  the  upper  regions  does  not  exceed  the  maximum 
permitted  by  the  law. 

This  test  station  is  operated  by  two  police  officers ;  one  officer 
is  stationed  at  the  guide  rails  and  directs  the  placing  of  the 
vehicles,  the  operation  of  the  engines,  and  the  lighting  of  the 
head-lamps;  the  other  officer  is  stationed  at  the  test  board  and 
is  in  charge  of  placing  it  properly  in  front  of  the  vehicle  to  be 
tested.  It  is  also  his  duty  to  adjust  the  rheostat  to  keep 
constant  the  voltage  of  the  test  lamps  on  the  board. 

This  very  simple  test  station  was  designed  and  placed  in  opera- 
tion by  Mr.  Howard  F.  Ilgner,  Illuminating  Engineer,  Bureau 
of  Illumination  Service,  City  of  Milwaukee.  While  the  station 
is  operated  by  the  police  department,  Mr.  Ilgner's  department 
supervises  the  work  and  periodically  checks  up  the  standard 
lamps  employed  for  the  illumination  of  the  test  bulls-eyes. 
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P.  W.  Cobb  :  Mr.  Grondahl's  device,  in  its  fundamentals, 
reminds  me  of  a  classical  experiment,  known  as  Scheiner's 
experiment  by  means  of  which  the  thoughtful  medical  student 
may  gain  familiarity  with  the  manner  of  passage  of  light-rays 
within  the  human  eye.  It  consists  simply  in  looking  with  one 
eye  at  a  small  object  through  a  pair  of  pinholes  punched  in  a 
card  and  close  enough  together  so  that  both  may  be  included 
within  the  area  of  the  pupil,  thus  permitting  vision  of  the  object 
through  both  pinholes  at  once.  This  card,  then,  is  the  analog 
of  Mr.  Grondahl's  screen.  If  the  eye  is  focused  for  the  object 
looked  at,  the  latter  will  be  seen  single;  otherwise  double,  since 
in  this  case  the  two  rays  of  light  coming  from  the  object  will 
cross  in  front  of,  or  behind,  the  retina.  The  parts  of  the  visual 
refractive  apparatus  through  which  the  two  rays  of  light  pass 
correspond  to  the  test-areas  of  the  lens  in  the  case  of  the  head- 
lamp. 

If  now,  we  were  to  imagine  a  small  light-scource  within  the 
eye,  which  we  wished  to  bring  to  a  focus  upon  a  certain  screen 
without,  the  analogy  is  complete.  The  correct  position  of  the 
lamp  would  be  absolutely  determined  by  the  coincidence  of  the 
two  images  upon  the  screen. 

The  light  traversing  the  remainder  of  the  headlight  lens  is, 
of  course,  intentionally  more  or  less  broken  up,  as  compared 
with  the  case  of  the  eye ;  a  certain  distribution  of  light  being 
desired  rather  than  a  geometric  focusing  of  the  filament-image 
The  proposed  method  of  testing  is  nevertheless  correct.  It  will 
devolve  upon  the  manufacturer  to  see  that  the  test  areas  of  the 
lens  stand  in  the  right  relation  to  the  design  of  the  lens  as  a 
whole,  so  that  when  the  test  shows  the  lamp  to  be  in  the  right 
position,  the  distribution  of  the  light  from  the  whole  lens  will 
meet  the  user's  requirements. 

G.  N.  Chamberlain  :  There  is  now  on  the  market  a  variety 
of  lenses,  reflectors  and  other  devices  capable  of  giving  satis- 
factory road  illumination  if  properly  adjusted,  and  any  device 
which  will  assist  the  user  to  adjust  and  take  care  of  his 
equipment  so  that  the  required  effect  can  be  obtained  should  be 
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gratefully  received.     Such  a  device  is  undoubtedly  covered  by 
Mr.  Grondahl's  paper. 

The  eventual  solution  may  be  looked  for  in  precision  of 
design  and  manufacture,  a  positioning  of  the  complete  unit  and 
its  integral  parts  so  that  no  future  adjustment  is  required  or 
arranged  for,  even  though  the  lamp  has  to  be  renewed. 
Such  a  device  has  come  out  on  one  of  the  newer  cars  this 
year  and  is  apparently  giving  the  desired  results. 
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INTRODUCTION. 


"Long  life  to  the  moon  for  a  dear  noble  cratur, 
Which  serves  for  lamplight  all  night  in  the  dark, 
While  the  sun  only  shines  in  the  day  which  by  natur 
Wants  no  light  at  all,  as  ye  all  may  remark." 

"Budget  of  Paradoxes" — De  Morgan 

Perhaps  the  most  notable  indication  of  a  return  to  normal 
conditions  in  illuminating  engineering  is  to  be  found  in  the  re- 
convention in  Paris  of  the  International  Commission  on  Illum- 
ination in  July  of  this  year.  The  various  countries  represented 
and  the  character  of  the  personnel  who  represented  them  in- 
sured a  consideration  of  the  questions  presented  for  discussion 
which  will  be  accepted  as  authoritative  throughout  the  world. 
The  decisions  arrived  at  on  the  definitions  of  three  of  the  fun- 
damental ideas  of  illumination  and  the  corresponding  units  con- 
stitutes a  step  in  international  progress  which  will  be  welcomed 
as  establishing  a  beginning  of  international  agreement  which  it 
is  hoped  will  grow  until  there  is  universal  concordance  on  all 
those  quantities  and  units  which  make  up  the  foundations  of 
illuminating  engineering. 

Developments  in  light  sources  have  not  been  marked  al- 
though advances  have  been  made  in  lamps  for  special  purposes, 
more  particularly  in  the  electrical  field.  The  war  greatly  stimu- 
lated progress  in  searchlight  construction  and  improvements  are 

♦Report  presented  before  Uie  Annual  Convention  of  the  Illuminating  Engineering 
Society,  Rochester,  N.  Y.,  Sept.  20-29,  i>*2i. 

The  papers  and  discussions  included  in  our  own  Transactions  are  not,  in  gen- 
eral, referred  to  in  this  Report,  it  being  taken  for  granted  that  members  keep 
themselves  advised  of  the  contents  of  the  Teansactioks. 
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continuing.  The  enormous  growth  of  the  moving  picture  in- 
dustry, both  in  production  and  exhibition  has  naturally  inspired 
and  brought  out  much  progress  in  the  methods  of  taking  the 
films,  of  lighting  the  sets,  in  the  machinery  for  projecting  the 
pictures,  and  in  the  lighting  conditions  in  the  theatres. 

While  lack  of  funds  has  retarded  normal  growth  in  street 
lighting,  many  cities  have  proceeded  with  their  programs  of  ex- 
pansion and  two  new  types  of  street  lighting  units  have  been  re- 
ported, both  of  which  have  been  designed  especially  for  the  pur- 
pose of  giving  an  extended  distribution  up  and  down  the  high- 
way. In  other  exterior  illumination,  sign  lighting  seems  to  have 
made  the  most  advance,  the  use  of  higher  candlepower  lamps, 
particularly  in  blue  bulbs  having  resulted  in  signs  whose  white- 
ness and  prominence  is  in  marked  distinction  to  those  equipped 
with  low  candlepower  bulbs.  The  use  of  color  in  sign  lighting 
has  also  contributed  to  its  development. 

Standardization  of  fixture  accessories,  such  as  plugs  and 
outlets,  as  well  as  fixture  parts,  constitutes  a  big  step  in  prog- 
ress which  will  be  greatly  appreciated  by  the  householder, 
as  well  as  by  the  dealer  and  manufacturer.  Greater  attention 
to  the  problem  of  keeping  glassware  clean  has  resulted  in  the 
production  of  numerous  units  of  the  totally  enclosed  type. 

The  resumption  of  normal  postal  conditions  between  this 
country  and  Germany  has  made  it  possible  to  report  on  prog- 
ress in  that  country  and  it  should  be  noted  that  development 
seems  to  be  going  on  apparently  as  vigorously  as  before  the 
war.  In  other  foreign  countries  the  coal  shortage  has  accelerated 
changes  from  gas  to  electricity,  although  in  Paris  enough  re- 
lief in  the  coal  situation  was  reached  to  warrant  the  putting  of 
14,000  gas  lamps  back  into  commission.  It  is  reported^  that  in  at 
least  200  cities  in  the  18  provinces  of  China  proper  there  are 
lighting  plants. 

Attention  has  been  called  to  the  fact  that  the  Stevenson 
family  were  light-house  builders  and  that  Robert  Louis  Steven- 
son, the  great  Scottish  novelist  at  the  age  of  21  received  a  silver 
medal  for  a  pamphlet  on  light-house  illumination.-  It  may  be  of 
interest  that  the  American  novelist  F.  Hopkinson  Smith  was  also 
a  light-house  keeper. 

^Elec.   Rev.    (U.    S.),  July   23,    1921,     p.    137. 
^Sci.  Amer.,  Apr.  2,   1921,  p.  263. 
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The  Committee  desire  to  thank  those  who  have  contributed 
information  and  the  publishers  of  the  journals  whose  columns 
have  been  freely  consulted. 

Respectfully  submitted, 
Francis  E.  Cady,  Chaimian. 
Geo.  S.  Crampton,  F.  R.  Mistersky, 

Oscar  H.  Fogg,  W.  E.  Saunders. 
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GAS. 
While  1916  was  the  occasion  of  a  celebration  of  the  cen- 
tenary of  gas  lighting,  because  of  its  introduction  in  Baltimore 
in  1816,  it  has  been  claimed^  that  1920  should  be  considered  the 
real  centenary  since  prior  to  1820  its  use  was  still  tentative  and 
it  was  not  until  that  year  when  it  was  introduced  in  Paris  by 
Frederick  Winsor,  that  it  could  be  said  to  have  passed  from  the 
experimental  stage  to  one  of  demonstrated  value.  The  invention 
in  1920  of  the  fish-tail  burner  did  much  to  support  this  con- 
tention. 

From  returns  made  by  360  gas  companies  to  the  American 
Gas  Association*  and  information  derived  from  various  sources 
it  has  been  estimated  that  the  production  of  artificial  gas  in 
1919  in  the  United  States  totaled  322,300,000  M  cu.  ft.  Its  use 
was  divided  as  follows :  for  illumination,  22.28  per  cent ;  other 
domestic  uses,  50.49  per  cent ;  industrial  purposes,  23.46  per  cent ; 
other  uses  not  classified,  3.77  per  cent.  Less  than  i  per  cent 
was  used  for  street  lighting.  The  number  of  incandescent  burn- 
ers in  use  for  illumination  (not  including  arc  lamps  or  street- 
lamp  burners)  was  given  as  9,850,000.  About  34  per  cent  of  the 
gas  companies  maintained  or  furnished  street  lighting,  all  at  low 
pressure  and  11  per  cent  of  the  combination  gas-and-electric  com- 
panies furnish  gas  street  lighting,  all  low  pressure  with  the  ex- 
ception of  one  company  which  maintains  6  high-pressure  lamps 
and  518  low-pressure. 

*Sci.  Amer.,  Nov.  27,    1920,  p.   544. 

*Gas  Rec,  Dec.  8,    1920,  p.  60;  Jan.  26,    192 1,  p.  49. 
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In  England,  according  to  a  report'  made  in  December  to 
the  British  Illuminating  Engineering  Society,  "recent  improve- 
ments have  been  principally  directed  to  increasing  the  efficiency 
in  candlepower  of  both  out-door  and  in-door  high-power  lov/- 
pressure  lamps  on  the  superheated  principle  by  using  a  multiple 
of  small  burners  (which  dispenses  with  the  need  for  inner  glass 

cylinders),  thereby  reducing  the  cost  of  maintenance" 

"Standardization  is  being  carried  out  by  manufacturers  as  far 
as  possible  in  regard  to  the  sizes  of  glassware." 

A  new  illuminant  has  been  derived*'  from  crude  naphthaline, 
which,  compressed  while  warm  into  cakes,  is  activated  by  fus- 
ing it  and  stirring  it  up  with  small  quantities  of  very  finely  di- 
vided or  else  readily  fusible  metals,  such  as  sodium,  potassium, 
etc.  Naphthaline  thus  prepared  and  while  still  in  a  fused  con- 
dition is  united  with  hydrogen  by  means  of  catalyzers  in  a  con- 
tinuously carried-on  process  with  compression  vats.  It  is  changed 
into  hydro-naphthaline  and  the  latter  is  then  distilled  in  vacuo. 
Among  the  resultant  products  is  one  known  as  deka-hydro-naph- 
thaline  or  "dekalin,"  for  short.  This  oil  can  be  burned  in  any 
^perfectly  clean  kerosene  lamp  and  is  said  to  yield  a  bright  flame 
-without  either  smoke  or  odor,  and  is  economical  and  safe,  since 
the  ignition  point  of  dekalin  is  very  high. 

The  results  of  an  extended  investigation  of  the  effect  on  the 
illuminating  power  of  quality  of  gas  as  determined  by  various 
mixtures  has  been  reported'^  in  Germany.  Measurements  were 
made  using  both  upright  and  inverted  mantles  and  of  the  zonu- 
lar spherical  and  mean  horizontal  candlepower. 

Under  date  of  Dec.  7,  1920,  the  Bureau  of  Standards  issued" 
the  4th  edition  of  its  circular  on  Standards  for  Gas  Service.  The 
sections  on  "Heating  Value"  and  "Candlepower"  have  been  re- 
written. The  adoption  or  continuance  of  old  candlepower  regu- 
lations is  not  encouraged. 

Burners. — It  was  reported  to  the  Council  of  the  British  Gas 
Industries^  at  their  annual  meeting  in  November  that  lighting 
burner  manufacturers  have  provided  means  of  regulation  for  a 

^Gas  Jour.,  Dec.  22,    1920,  p.  707. 

'^■Sci.  Amcr.  Mo.,  July   1921,  p.  65. 

''Das  Gas  11.  Wasserfach,  May  14,   192 1,  p.  309. 

Mwi.  Gas  Eng.  Jour.,  Feb.  26,   1921,  p    192. 

'^Cas  Jour.,  Nov.  24,   1920,  p.  449. 
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large  range  of  gas  qualities,  and  are  arranging  with  the  London 
Ilkiminating  Engineering  Society  for  the  formation  of  a  Joint 
Committee  to  keep  in  touch  with  all  developments  in  gas  lighting. 

The  oil  shortage  and  other  causes  which  have  operated  to 
make  gas  companies  produce  a  lower  candlepower  output  have 
also  uncovered^"  a  surprising  number  of  open-flame  burners.  Up 
to  the  end  of  July  (1920)  about  80,000  mantle  burners  were 
given  out  in  Baltimore  to  replace  those  of  the  open-flame  type, 
and  it  has  been  estimated  that  Philadelphia  will  have  200,000 
tips  to  replace. 

A  diminutive  mantle  has  been  designed^^  for  use  on  light 
buoys  in  localities  subject  to  rough  seas.  It  uses  only  ^  cu.  ft. 
of  oil  gas  per  hour  and  the  reservoir  is  charged  with  a  supply 
sufficient  to  last  six  months  without  renewal  or  attention.  It 
emits  22  c.  p.  and  it  is  claimed  that  the  rays  of  light  are  so  con- 
centrated that  it  is  visible  for  nine  miles  in  clear  weather.  The 
mantle  and  burner  are  mounted  on  a  pan-like  reservoir,  and  the 
life  of  the  mantle  is  given  as  more  than  one  year.  A  new  burner 
accessory^-  is  made  of  fused  opalescent  silica  and  is  employed 
both  as  a  mantle  protector  and  light  intensifier.  It  is  able  to 
stand  both  great  heat  and  great  changes  in  temperature.  The 
protectors  are  placed  in  close  juxtaposition  to  the  mantle,  thereby 
increasing  the  flame  temperature  of  the  gas  at  the  ignition  point 
and  consequently  the  temperature  of  the  mantle  fabric.  It  is 
claimed  that  with  low  pressure  gas  an  output  of  43  candles  per 
cu.  ft.  of  gas  consumed  per  hour  has  been  obtained.  The  burn- 
ers to  which  this  accessory  has  been  attached  have  been  especially 
constructed  to  suit  any  quality  of  gas. 

Automatic  Lighting  and  Extinguishing. — A  new  automatic 
gas  lighter  and  extinguisher^^  of  the  pressure  type  has  been  de- 
scribed. It  consists  of  a  cup  suspended  in  glycerin  and  com- 
municating with  the  gas  conduit.  A  progressive  lowering  of  the 
pressure  by  75  to  80  mm,  (of  water)  ends  by  raising  the  cup 
which  carries  with  it  a  tubular  stop-cock  plunged  in  a  trough  of 
mercury  and  controlling  the  passage  of  gas  to  the  burner.    When 

^"Gas  Age,   Sept.    lo,    1920,  p.    185. 
"Pop.  Mech.,  April  1921,  p.  543. 
'-///.  Eiig.   (Lond.),  Jan.   1921,  p.  20. 
"C.  R.,  Feb.   14,   1921,  p.  372. 
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the  cup  is  at  the  top  of  its  course,  the  tube  emerges  from  the 
mercury  and  permits  the  free  flow  of  gas  which  is  ignited  by  a 
pilot  hght.  When  the  pressure  returns  to  normal  the  cup  is 
prevented  from  falling  by  a  hook  connected  to  a  lever  system. 
The  light  is  extinguished  by  a  lowering  of  the  pressure  as  before, 
which  makes  the  hook  mechanism  release  the  cup  and  close  the 
gas  passage.  A  third  suppression  returns  the  hook  mechanism 
to  its  original  position.  It  is  claimed  that  the  device  does  not 
contain  any  spring,  any  blow-valve,  or  any  mechanism  liable  to 
get  out  of  order  or  to  break;  that  it  will  operate  at  any  rate; 
that  the  rate  and  amount  of  suppression  is  too  small  to  cause 
extinction  of  pilot  lights;  The  tightness  of  joints  is  assured; 
the  liquids  employed  will  not  congeal  in  winter  weather  and  the 
materials  of  which  it  is  made  are  not  attacked  chemically  by  the 
gas.  Various  methods  of  lighting  gas  street  lights  are  in  vogue 
in  England.^*  A  report  has  been  made  on  three  systems  used 
in  one  locality :  lighting  by  hand,  by  the  pressure- wave  system, 
and  the  clockwork  type  for  outlying  districts.  With  the  pressure- 
wave  system,  the  percentage  of  night  failures  wa.s  found  to  be 
7.4.  To  obtain  satisfactory  results  the  mains  and  services  must 
be  adequate.  The  clockwork  system  gave  2.67  per  cent  failures, 
many  of  which  were  due  to  byepass  troubles.  The  weakness  of 
clock  controllers  was  said  to  be  variations  in  the  time  of  light- 
ing up.  The  wages-cost  per  lamp  for  hand  lighting  averaged 
twice  the  cost  under  the  three  combined  systems. 

Calorific  Standards. — The  tendency^^  in  this  country  has 
been  not  only  to  eliminate  the  candlepower  standard  in  the  com- 
paratively few  places  where  it  is  still  in  force,  in  favor  of  the 
heat  unit,  but  also  to  reduce  the  number  of  heat  units  required. 
Agitation  for  this  purpose,  i.  e.,  lowering  the  B.  t.  u.  stan- 
dard, continues.^**  Among  others  the  following  advantages  have 
been  suggested:  (i)  greater  production  per  unit  of  raw  material 
used;  (2)  reduction  in  the  operating  cost  per  1,000  cu.  ft.;  (3) 
installing  of  more  efficient  methods  of  manufacture;  (4)  free- 
dom from  the  use  of  gas  oil;  (5)  extension  of  the  usefulness  of 
gas,  notably  in  house  heating;   (6)   added  incentive  to  research 

"Gas  Jour.,  Aug.    ii,   1920,  p.   296. 
^''Gas  Age,  Nov.  25,   1920,  p.  409. 
'"G'oj  Rcc,  Oct.   13,    1920,  p.  33. 
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in  the  gas  industry;  (7)  possible  greater  yields  of  by-products; 
(8)  probably  less  condensation  of  hydro-carbons  and  less  naph- 
thalene stoppage ;  (9)  expectation  of  a  gas  of  higher  flame  tem- 
perature. 

During  the  past  two  years,  the  American  Gas  Association 
has  been  collecting  data  on  heating-value  standards  defining  the 
quality  of  gas  to  be  distributed  to  consumers  in  the  United 
States.  The  resulting  information  has  been  put  in  a  report^^ 
and  shows  in  twenty  state-standards  a  range  from  475  to  650 
B.  t.  u.  and  in  58  municipality  requirements,  a  range  from 
500  to  625  B.  t.  u.  This  report  capitulates  the  advantages 
of  a  lower  standard  as  a,  reduction  of  wasteful  use  of  oil  and 
coal  necessary  for  the  manufacture  of  high-candlepower  gas ; 
h,  making  available  for  gas  purposes  certain  low-grade  coals 
and  oils  hitherto  precluded;  c,  lessening  the  congestion  of  trans- 
portation facilities  by  reduction  in  the  amount  of  shipments  re- 
quired. An  appendix  to  the  report  shows  that  as  a  result  of 
two  years'  trial  in  Massachusetts  by  changing  from  a  16  c.  p. 
to  a  528  B.  t.  u.  standard,  the  gas  companies  were  enabled 
to  reduce  the  amount  of  gas  oil  used  by  15  per  cent. 

In  Baltimore  the  Public  Service  Commission^*  has  reduced 
the  standard  of  gas  from  550  to  500  B.  t.  u.  In  Seattle  the 
oil  shortage  led  the  State  Utilities  Commission  to  grant  a  30- 
day  experimental  period,  during  which  the  standard  was  re- 
duced from  600  to  520  B.  t.  u.  The  Public  Service  Com- 
mission of  Montana^*  has  ruled  450  B.  t.  u.  as  the  calorific 
standard  for  that  state.  In  New  Jersey  it  has  been  reduced  from 
600  to  525.^"  The  result  in  the  case  of  one  company  operating 
a  straight  coal-gas  plant  was  a  considerable  improvement  in  cus- 
tomer service,  although  the  saving  in  holder  cost  was  found  to 
be  very  slight. 

As  forecasted  in  last  year's  Report,  the  British  Parliament  on 
August  4,   1920,  passed  the  Gas  Regulation  Act,^^  establishing 

"(7oj  Age,   Dec.  25,  1920,  p.  507. 
"Goj  Age,   Oct.  25,  1920,  p.  321. 
"Gaj  Rec,   Aug.  25,  1920,  p.  36. 
'•'^Gas  Rec,   Feb.  9,  1921,  p.  15. 
"Elec.   Times,   Aug.  19,  1920,  p.  139. 
Gas  Age,   Sept.  10,  1920,  p.  184. 
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a  new  basis  for  charging  for  gas,  using  its  calorific  value  instead 
of  its  volume.  The  nev^  unit  is  christened  the  "Therm"  and  it 
represents  100,000  British  Thermal  Units,  which,  with  gas  at 
500  B.  t.  u.  per  cu.  ft.  would  make  the  former  unit  of  1,000  cu. 
ft.  contain  5  Therms.  The  Act  also  gives  authority  to  the  British 
Board  of  Trade  to  place  all  gas  companies  in  Great  Britain  on 
a  heat-unit  basis. 

It  has  been  suggested"  that  a  practical  indicator  of  the  com- 
position and  calorific  value  of  gas  to  be  manufactured  is  a  70 
c.  p.  upright  "C"  mantle,  working  at  an  output  of  30  candles 
per  1,000  B.  t.  u.  supplied.  Research  has  shown  that  a  gas 
that  will  give  this  light  with  an  ordinary  upright  burner  under 
working  conditions,  is  quite  suitable  for  giving  efficient  results 
for  other  purposes.  The  30  candles  per  1,000  B.  t.  u.  is  taken 
as  a  compromise  between  laboratory  and  working  conditions.  In 
this  connection,  it  has  been  pointed  out  that  the  above  standard 
will  not  be  lowered  by  the  presence  of  inerts  to  the  extent  of 
35  per  cent  of  nitrogen  or  10  per  cent  of  carbon  dioxide. 

INCANDESCENT  LAMPS. 

Until  the  limit  of  efficiency  in  the  transformation  of  elec- 
trical energy  into  luminous  radiation  has  been  reached,  the 
search  for  a  more  efficient  filament  material  for  electric  incandes- 
cent lamps  will  continue.  When  the  period  just  prior  to  1907, 
the  year  in  which  tungsten  lamps  came  into  practical  use,  is  con- 
sidered, and  it  is  realized  that  in  three  or  four  years  no  less  than 
four  successive  improvements  were  made  starting  with  the  gem, 
and  running  through  osmium,  and  tantalum  to  tungsten,  and 
thereby  pushing  the  watts  per  candle  consumption  from  3.1  to  i, 
it  would  seem  that  the  further  decrease  to  0.4  or  0.5  during  the 
past  14  years  was  not  very  great.  While  waiting  for  the  dis- 
covery of  some  element  which  will  again  revolutionize  the  in- 
dustry, the  tungsten  lamp  is  being  steadily  improved,  new  lamps 
for  various  classes  of  service  are  being  produced  from  year  to 
year,  and  the  regular  standardized  types  are  being  made  more 
uniform  in  character  and  life  performance. 

'^^Gas  Joi4r.,  Jan.   12,    1921,  p.  85. 
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Manufacture. — The  output  of  carbon-filament  lamps  had  de- 
creased in  1920  to  only  4.3  per  cent  of  the  total  number  of  lamps 
made,  as  compared  to  7  per  cent  in  1919-^  and  97  per  cent  in 
1907.  It  is  expected  that  1921  will  see  the  practical  elimination 
of  this  type  of  lamp  as  far  as  manufacture  in  this  country  is 
concerned.  The  number  of  gas-filled  tungsten  lamps  continues 
to  show  an  increase,  being  20  per  cent  of  all  tungsten  lamps  dis- 
posed of  in  1920,  as  against  19  per  cent  in  1919  and  13.7  per 
cent  in  191 8.  Statistics  from  Germany-*  show  that  the  number 
of  carbon-filament  lamps  increased  from  1918-19  to  1919-20 
from  3,870,000  to  4,070,000,  while  for  the  same  period  metal 
filament  lamps  decreased  from  44,350,000  to  43.730,000.  Ac- 
cording to  Japanese  officials,  the  total  number-^  of  electric  in- 
candescent lamp?  in  service  in  the  Island  Empire  is  12,210,000, 
an  increase  of  800  per  cent  since  1910.  There  are  180  lamps  to 
every  ico  homes  or  a  little  more  than  one  lamp  to  every  five 
inhabitants.  More  than  1,600,000  are  used  in  Tokyo,  800,000  in 
Osaka,  400,000  in  Kioto,  and  300,000  in  Kobe. 

In  the  United  States,  the  average  candlepower,  watts  and 
efficiency,  all  show  an  increase  due  to  the  greater  proportion  of 
gas-filled  lamps  used,  since  these  lamps  are  higher  in  each  respect 
than  vacuum  lamps.  The  efifort  to  standardize  the  voltages,  no, 
115,  and  125  has  progressed  so  that  80  per  cent  of  the  present 
demand  is  for  them  and  of  481  central  stations  reporting,  96 
per  cent  are  employing  these  three  voltages  exclusively,  whereas 
the  corresponding  figure  for  1920  was  79  per  cent,  indicating 
again  progress  in  standardization. 

Types. — New  lamps  have  been  reported-"  in  the  street  series, 
stereopticon  and  sign  classes.  For  the  first  mentioned  a  2500 
c.  p.,  20  amp.  unit  has  been  made  available  and  constitutes  the 
highest  candle-power  source  in  this  type.  It  is  designed  for  20 
amperes  derived  by  means  of  a  compensator  or  transformer  from 
regular  alternating  current  series  circuits  and  has  the  same  light 
centre  length  as  the  other  street  series  compensator  lamps.  For 
stereopticon  work  a  300-watt,  28-32  volt  gas-filled  lamp  in  a  short 

*^Rcport  of  Lamp  Com.,  N.  E.  L.  A.,  May,   1921. 
^Das  Gas  u.  Wasserfach,  Mar.  5,   1920,  p.   158. 
^Elec.  H'ld.,  Feb.  5,  1921,  p.  338. 
^®Report  of  Lamp  Com.  N.  E.  L.  A.,  May,   192 1. 
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tubular  bulb  has  been  listed.  A  decided  advance  in  the  sign- 
lighting  field  has  been  made  by  the  production  of  25  and  50-watt, 
110-125  volt  vacuum  lamps  in  short  pear-shaped  bluish  colored 
bulbs  with  the  filament  in  a  plane  perpendicular  to  the  lamp  axis, 
thus  giving  a  maximum  candlepower  in  the  direction  of  the  tip. 
The  design  is  somewhat  similar  to  the  old  "downward  light" 
carbon-filament  lamps  of  the  earlier  days.  The  support  is  rigid 
and  the  lamp  as  a  whole  rugged,  and  adapted  to  the  severe  con- 
ditions of  vibration  often  present  in  sign  structures.  The  fila- 
ment being  mounted  near  the  base  permits  the  lamps  to  be  used 
in  troughs  designed  for  5  and  lo-watt  lamps. 

Lamps  of  special  design  continue  to  appear,-^  and  one  has 
been  described  having  two  filaments,  the  second  being  put  in  ser- 
vice when  the  first  has  burned  out.  The  result  is  accomplished 
by  screwing  and  unscrewing  a  cap  in  the  base  of  the  lamp.  A 
further  modification"®  introduces  three  instead  of  two  filaments, 
a  three  contact  fitting  being  provided  in  the  base.  By  making  the 
filament  in  a  more  concentrated  shape,  more  accurate  focussing 
and  a  better  beam  candlepower  distribution  is  being  obtained^^ 
with  gas-filled  tungsten  automobile  headlight  lamps.  For  auto- 
mobile lamps  in  general  voltage  conditions  in  actual  service  have 
been  studied  with  many  makes  of  cars  both  old  and  new  and  as 
a  result  changes  will  be  made  which  it  is  expected  will  result  in 
increased  efficiency  and  higher  brilliancy. 

Specifications. — Two  years  ago  attention  was  called  to  the 
persistent  use  in  England  of  the  term  "half-watt"  in  referring 
to  the  gas-filled  tungsten  lamp.  This  misnomer  is  gradually  be- 
ing dropped^*^  and  the  technical  press  has  noted  the  desirability 
of  the  correct  designation.  In  Germany,  the  term  is  still  com- 
mon,^^  and  there  is  no  apparent  effort  being  made  to  correct  it. 

The  lumen  rating  has  been  used  in  this  country  in  the  design  and 
testing  of  gas-filled  tungsten  lamps  of  the  street-series  types, 
but  because  of  existing  street-lighting  contracts,  which  specified 
candlepower,  has  not  completely  superceded  the  candlepower 
rating.    As  the  lumen  rating  is  so  much  more  exact  than  the  old 

^''Elec.  Wld.,  Sept.  4,   1920,  p.  503. 

^^Pop.  Mech.,  July,   1921,  p.   116. 

^"Gen.  Elec.  Rev.,  Jan.,  1921,  p.  42. 

'^"Elec.  Rev.   (I^ond.),  Oct.    15,    1920,  p.   483. 

Elec,  Nov.   19,   1920,  p.  583. 
^^Elek.  Ans.,  May  11,   192 1,  p.  468. 
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method,  a  movement^-  is  on  foot  to  label  street-series  lamps  in 
lumens,  the  candlepower  rating  being  also  given  on  the  label  to 
avoid  conflict.  It  is  hoped  to  have  contracts  changed  so  that  the 
lumen  rating  will  be  specified.  On  January  first,  the  lumen  and 
lumens-per-watt  were  adopted  by  the  larger  lamp  manufacturers 
as  the  official  units  in  which  to  express  the  light  output  and  ef- 
ficiency of  their  product.  This  constitutes  a  big  step  in  the  direc- 
tion of  the  universal  adoption  of  these  units,  a  goal  towards  which 
the  Illuminating  Engineering  Society  has  been  working  for  a 
number  of  years. 

The  Standard  Specifications  for  Incandescent  Lamps,^^ 
issued  by  the  Bureau  of  Standards,  have  in  the  past  provided  for 
the  evaluation  of  lamp  performance  in  terms  of  the  "useful  life," 
defined  as  the  life  to  80  per  cent  of  the  initial  candlepower  or 
previous  failure.  As  this  method  of  rating  has  been  outgrown 
the  specifications  have  been  revised  during  the  past  year  and  a 
feature  of  the  revision  is  the  separation  of  performance  and  in- 
herent lamp  qualities  from  lamp  efficiencies  and  life.  Lamp  per- 
formance is  evaluated  in  terms  of  average  total  life  and  mean 
efficiency  during  life,  or  on  the  basis  of  the  average  total  life 
corrected  to  a  stipulated  mean  efficiency  during  total  life.  Another 
significant  change  in  the  specifications  is  the  abandonment,  except 
as  a  primary  standard,  of  the  candlepower.  All  light  measure- 
ments are  expressed  in  lumens. 

Properties. — The  question  whether  it  is  safe  to  use  gas- 
filled  tungsten  lamps  in  flour  mills,  grain  elevators  and  other 
places  where  the  air  is  filled  with  dust  has  been  studied.^*  The 
bulb  temperature  for  gas-filled  lamps  being  higher  than  in  vacuum 
lamps  it  was  found  that  dusts  would  smoke  readily  if  allowed  to 
collect  on  the  former  while  they  would  not  on  the  latter.  The 
limits  of  smoking  temperature  have  been  found  to  be  140°  C. 
to  166°  C.  without  regard  to  the  kind  of  dust  or  its  ignition  tem- 
perature. These  limits  are  about  the  working  temperature  of  the 
lower  wattage  gas-filled  bulbs   (75  and   100  watts),  but  56-83° 

'"Report  of  Lamp  Com.,  N.  E.  I*.  A.,  May,   1921. 
'^Report  of  Lamp  Com.,  N.  E.  L-  A.,  May,   1921. 
^Elec.  Wld.,  Jan.  22,   1921,  p.   191. 
Elec.  Rev.  (U.  S.),  July  30,   192 1,  P-   165- 
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higher  than  the  bulb  temperatures  of  vacuum  lamps.  But  the 
lowest  ignition  temperatures  were  about  260°  C,  and,  hence, 
extra  chaffy  dusts  would  have  to  be  raised  167°  before  taking 
fire  from  vacuum  lamp  bulbs,  and  83°  C.  before  taking  fire  from 
75  and  loo-watt  gas-filled  lamp  bulbs.  It  was  found  possible 
to  start  a  fire  on  the  larger  gas-filled  bulbs,  but  not  with  the  75 
and  lOO-watt,  or  the  vacuum  lamps  up  to  and  including  the  100- 
watt  size. 

Work  has  been  done^^  on  the  spectral  distribution  from  a 
lamp  containing  a  tungsten  spiral  or  tantalum  band  in  an  atmos- 
phere of  nitrogen  or  argon,  with  a  quartz  window  in  the  side 
of  the  bulb,  the  temperature  being  raised  above  that  normally 
used  in  gas-filled  lamps.  As  has  been  found  before  a  continuous 
spectrum  in  the  ultra-violet  was  obtained  which  is  sufficient  for 
many  purposes.  An  extension^®  of  the  data  in  the  relation  be- 
tween true  and  color  temperature  and  specific  consumption  of 
incandescent  lamps  has  been  obtained  by  measurements  on  gas- 
filled  lamps  of  the  500  and  looo-watt  sizes  and  the  loo-watt 
stereopticon  and  900-watt  movie  lamps.  The  last  named  at  0.46 
watts  per  spherical  candlepower  has  a  true  temperature  3290°  K 
and  a  color  temperature  3,220°  K. 

ARC  LAMPS. 
From  the  paucity  of  published  information,  it  would  appear 
that  there  have  been  no  developments  in  the  design  and  construc- 
tion of  carbon  arc  lamps,  except  for  search-light  work,  which  will 
be  referred  to  under  the  heading  "Lamps  for  Projection  Pur- 
poses." Whether  this  is  due  to  the  continual  encroachment  of 
the  incandescent  lamp  on  the  fields  formerly  dominated  by  the  arc 
lamp  remains  to  be  seen.  The  development  several  years  ago  of 
the  high-intensity  arc  where  the  vapor  in  the  positive  carbon 
crater  has  a  brilliancy  ranging  from  500  to  900  candles  per  sq. 
mm.,  with  a  consequent  high  actinic  value  has  brought  about  an 
increased  use  of  this  arc  in  moving  picture  studios.  Improve- 
ments in  high  candlepower  incandescent  lamps,  together  with 
special  reflectors  have  tended  to  further  supplant  the  arc  lamp 
in  street  lighting. 

'•'''Zcit.  f.  tech.  Phys.,  No.   lo,   1920,  p.  224. 
"''Jour,  frank.  Inst.,  July,   1921,  p.    109. 
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Adopting  a  special  Y-shaped  arrangement,  two  negatives 
to  one  carbon,  an  experimenter  has  obtained^"  resuUs  which  in- 
dicate that  the  crater  area  of  an  arc  is  proportional  to  the  total 
current,  the  current  density  being  constant  and  0.746  amp.  per 
sq^.  mm.  This  result  is  contrary  to  that  found  by  Mrs.  Ayrton 
and  other  former  workers  in  this  field.  It  was  pointed  out  that 
as  Forrest  has  found  a  constant  brightness  for  the  carbon  arc  of 
from  172  to  174  candles  per  sq.  mm.,  if  a  carbon  arc  is  suitably 
arranged  and  the  current  accurately  measured,  the  candlepower 
should  be  accurately  known  and  be,  in  fact,  232  candles  per 
ampere.  It  was  conjectured  that  the  constancy  of  the  candle- 
power  thus  controlled  should  be  within  one  per  cent,  and  thus 
again  bring  forward  the  carbon  arc  as  a  contender  for  the  position 
of  a  primary  standard  of  light. 

Experimental  work  has  also  been  done  on  the  effect^^  on 
the  crater  of  a  carbon  arc  of  additional  radiation  supplied  by 
another  arc  and  reflected  to  the  first  through  a  double-mirror 
system.  A  drop  in  temperature  was  found,  but  an  increase  in 
luminous  intensity,  which  corresponded  to  an  increase  in  the 
crater  area. 

Vapor. — The  introduction  of  quartz  tubes  for  mercury  vapor 
lamps  marked  an  epoch  in  this  type  of  illuminant.  But  it  brought 
difficulties  of  construction,  one  of  the  principle  ones  being  a 
permanent  seal  at  the  leading-in  wares.  As  the  result  of  the  de- 
velopment^'^ of  a  means  of  connecting  quartz  through  intermedi- 
ate steps  of  glasses  of  increasing  coefficients  of  expansion  to  a 
glass  fused  directly  to  a  metal  lead-in  wire  and  forming  with 
it  a  permanent  vacuum-tight  seal  which  would  stand  high  tem- 
peratures, it  has  been  found  possible  to  use  an  anode  electrode 
of  infusible  tungsten  instead  of  mercury  and  a  greatly  simplified 
quartz  burner  is  the  result.  It  is  essentially  a  vacuum  arc  in  a 
fused  quartz  chamber.  Owing  to  the  ability  of  the  leading-in 
wires  to  stand  high  temperatures,  it  does  not  require  the  elaborate 
cooling  devices  formerly  used  in  this  type  of  lamp. 

The  low-candlepower  neon  vapor  lamp  has  been  introduced 
in  England***  as  a  night  light.     It  is  rated  at  3^^  c.  p.,  no  volts 

"£/ff.,  Jan.  28,  1921,  p.  120. 
^E.   T.  Z.,   Apr.  14,  1921,  p.  375. 
"Cell.  Elec.  Rev.,   Nov.,  1920,  p.  909. 
*^Elec.  Rev.   (Lond.),  June  10,  1921,  p.  764. 
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and  upwards  on  A.  C.  and  150  volts  and  upwards  for  D.  C.  and 
consumes  5  watts.  It  is  claimed  that  the  life  is  more  than  a 
thousand  hours,  the  only  source  of  deterioration  being  the  gradual 
blackening  of  the  bulb.  It  is  suggested  for  use  in  emergency 
lighting  systems,  hospitals,  nurseries,  and  the  like.  Neon  lamps 
are  also  being  made  in  Germany.*^  One  size  is  designed  for  use 
on  220  volt  A.  C.  systems  with  a  current  of  1  ampere,  with  a 
suitable  resistance  in  the  circuit.  In  order  to  strike  the  arc  a 
vacuum  interrupter  is  connected  in  parallel  with  the  lamp,  a 
small  choking  coil  being  inserted  in  the  common  portion  of  the 
circuit.  An  inductive  impulse  set  up  by  the  automatic  action  of 
the  interrupter  by  means  of  a  magnetic  coil,  causes  a  discharge 
through  the  lamp.  It  is  claimed  to  operate  at  0.5  w.  p.  c.  and 
can  be  started  and  stopped  as  often  as  400  times  a  minute.  A 
great  variety  of  others  have  been  placed  on  the  market  for  both 
A.  C.  and  D.  C.  The  resistance  of  such  lamps,  as  defined  by 
voltage  impressed  and  current  passed  is  not  fixed,  but  varies  with 
the  intensity  of  the  discharge.  A  lamp  for  20  milli-amperes  D.  C. 
has  about  10,000  ohms  resistance.  In  general,  a  consumption  of 
from  4  to  5  watts  is  sufficient.  Among  the  many  uses  suggested 
are :  in  parallel  with  a  fuse  to  detect  and  show  burnout ;  position 
indicator  for  switches ;  distant  indicator  of  the  condition  of  a 
motor ;  in  series  with  a  condenser  to  limit  the  discharge  energy ; 
in  series  with  an  X-ray  tube  to  show  by  its  luminosity  the  current 
passing  through  the  tube,  etc. 

Additional  experiments  have  been  made*-  on  the  production 
of  low  voltage  arcs  in  an  atmosphere  of  mercury  vapor.  It  has 
been  shov/n  that  there  is  a  linear  relation  between  the  striking 
voltage  and  the  current  through  the  cathode  for  the  larger  cur- 
rents. Tungsten  cathodes  were  found  to  produce  lower  arcs  than 
lime-coated  platinum  cathodes.  A  striking  voltage  as  low  as  3.2 
volts  was  obtained  with  the  former  as  against  4.9  with  the  latter. 

LAMPS  FOR  PROJECTION  PURPOSES. 
A  decided  innovation  in  the  tubular  type  of  hand  or  flash 
lam|)s  consists*''  in  the  addition  of  a  device  whereby  the  light  can 

*^Elec.   Rev.    (I.,ond.),    Mar.    18,    19-M,   p.   340. 

E.  T.  Z.,  Feb.   10,  1921,  p.   i-'i. 
*'''Phys.   Rev.,    Nov.,    1920,   p.    375.  ' 
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be  concentrated  or  "spotted"  at  various  distances.  The  result  is 
accomplished  by  moving  the  miniature  lamp  bulb  along  the  axis 
of  the  parabolic  reflector  by  turning  a  cap  at  the  end.  The  larger 
size  is  claimed  to  have  a  range  of  300  ft.  The  case  is  also  pro- 
vided with  a  small  compartment  to  carry  extra  lamps  and  is 
stamped  to  show  the  renewal  type  of  battery  and  lamp  required. 

Hand  Lamps. — The  flashlight  supplied  with  current  by  a 
small  hand-operated  dynamo  used  by  the  Germans  during  the 
war  and  subsequently  developed  in  this  country,  has  been  taken 
up  by  the  French.^*  The  lamp  unit  resembles  a  small  black  box 
and  is  suspended  from  the  neck  of  the  owner,  the  dynamo  being 
actuated  by  pulling  a  chain.  Electric  lamps  for  bicycles  are 
not  a  novelty,  but  in  Germany  an  extension  of  the  hand-operated 
dynamo  referred  to  a^'ove  has  been  applied*^  to  the  bicycle  prob- 
lem. The  dynamo  is  fixed  on  the  front  fork  so  that  the  small 
driving  wheel  will  lie  in  the  centre  line  of  the  tire.  A  regulator 
is  provided  to  guard  against  over-voltage.  A  hand  lantern  made 
to  be  particularly  useful  in  cases  of  fog  or  smoke  has  been 
brought**^  out  in  which  all  working  parts  are  made  of  aluminium, 
and  the  silvered  reflector  is  large.  A  focusing  device  is  added 
and  the  hook-shaped  handle  makes  it  convenient  to  cany  or  hang 
to  an}'  accessible  projection.    Two  dry  cells  are  used. 

Locomotive  Head-lamps. — The  restricted  use  of  electricity 
in  Germany*'  is  evidenced  by  the  development  of  acetylene  lamps 
for  use  as  locomotive  head-lamps  and  for  railroad  hand  lanterns. 
The  burning  period  is  given  as  from  8  to  10  hours. 

Spot-lamps. — An  improved  spot-lamp  for  theatre  use  has  a 
sliding  condenser  by  means  of  which  projection  can  be  made  even 
when  there  is  a  considerable  angle,  as  when  the  projection  booth 
is  at  the  top  of  a  gallery. *■"  The  top  carbon  has  a  horizontal  as 
well  as  the  usual  vertical  movement  so  that  the  carbon  may  at 
all  times  be  set  for  maximum  efficiency.  A  spot-lamp  has  been 
devised  for  use  in  photographic  studios  which  is  claimed*"  to 
produce  lighting  effects  similar    to  those    obtained    in   motion- 

**Pop.  Med:.,   June,  1921,   p.  886. 
*^Hclios,   Apr.  24,  1921,  p.  1618. 
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picture  work.  A  400-watt,  concentrated  filament  gas-filled  tung- 
sten lamp  furnishes  the  light,  and  for  focusing  purposes,  the  lamp 
socket  is  fastened  to  a  sliding  carriage  having  a  long  handle. 

Signal  Lamps. — Some  years  ago  a  reference  was  made  in 
this  Report  to  a  special  signal  lamp  designated  as  an  accompani- 
ment of  the  theodolite  in  survey  work  on  lines  up  to  150  miles. 
(241.5  km.)  This  lamp  has  been  further  improved^"  so  that  now 
a  battery  of  only  three  dry  cells  is  required  where  six  were  form- 
erly used.  The  lamp  has  a  consumption  of  approximately  two 
watts,  at  0.6  of  an  ampere  and  is  said  to  have  an  apparent  beam 
candlepower  of  17,500  at  a  distance  of  loo  ft.  (30.4  m.)  As  an 
aid  to  motorists  and  as  a  means  of  controlling  traffic  on  high- 
ways, traffic  engineers  have  proposed^^  the  use  of  flashing  lamps 
as  danger  and  signal  beacons.  Eighty  flashes  per  minute  and  the 
standard  railroad  colors,  red,  yellow  and  green  are  recommended. 
Results  have  been  given'*^  of  work  done  during  the  war  on  the 
flashing  speeds  of  incandescent  lamps  used  for  signalling  pur- 
poses. It  was  found  that  for  lamps  of  equal  voltage,  life  and 
luminous  flux,  a  tungsten  filament  responds  more  rapidly  than 
carbon  during  the  heating  portion,  by  a  factor  of  2.5.  It  was 
also  found  that  the  speed  of  the  flash  was  greater  the  higher  the 
maximum  temperature  of  the  flash ;  the  smaller  the  filament,  the 
less  the  resistance  external  to  the  lamp ;  and  that  for  lamps  of 
the  same  open  filament  construction,  the  same  luminous  flux  and 
the  same  average  life  at  a  fixed  voltage,  the  speed  of  flashing  is 
greater  the  greater  the  gas  loss.  A  ribbon  tungsten  filament  in 
argon  was  found  to  be  quicker  than  a  wire  tungsten  in  nitrogen 
in  the  proportion  1.6  to  1.25. 

Search-lamps. — As  a  result  of  mathematical  analysis  of  the 
light  received  from  a  perfectly  diffusing  circular  disk  by  another 
parallel  and  coaxial  disk  of  given  diameter  placed  at  a  given 
distance  away,  it  would  appear"'^  that,  in  general,  little  advantage 
is  gained  by  inclining  the  negative  electrode  as  compared  with 
the  use  of  coaxial  carbons  in  search-lamps  where  the  object  is  to 
prevent  the  obscuration  occurring  when  a  shadow  is  cast  on  the 

^'"Sci.  Amer.,  June  4,   192 1,  p.  453. 
"Elec.  Wld.,  Mar.  5,  1921,  p.  582. 
^'■'Jour.  Frank.  Inst.,  Feb.,   1921,  p.  231. 
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negative  electrode.  This  does  not  apply  if  the  negative  elec- 
trode is  very  bulky  or  increased  so  as  to  bring  the  obscuring 
object  outside  the  angle  embraced  by  the  search-lamp  mirror. 
Another  extensive  mathematical  study^*  has  been  made  of  the 
light  flux  and  distribution  in  the  beam  of  a  search-lamp  having  a 
parabolic  mirror. 

Reference  should  be  made  to  an  elaborate  discussion'^'  of 
the  developments  of  the  U.  S.  Army  search-lamps,  in  which  it  is 
pointed  out  among  other  things  that  a  radical  re-design  in  mech- 
anisms for  barrel  search-lamps  has  resulted  in  the  substitution 
of  aluminum  in  place  of  bronze  or  cast  iron  and  in  stififening  up 
the  pillar  for  supporting  the  carbons. 

An  improvement  in  the  Beck  type  of  high-intensity  arc  lamp 
for  projection  purposes  is  obtained^"  by  using  greater  currents 
with  smaller  carbons  of  the  cored  type,  in  which  the  metal 
fluorides  are  replaced  by  oxides.  The  area  of  the  carbons  is 
reduced  to  about  one-fifth  that  of  the  ordinary  type  with  a  re- 
sultant surface  brightness  of  1260  candles  per  sq.  mm.  A  report 
has  been  published^^  of  developments  made  during  the  war  period 
in  high  current  arcs  between  plain  carbons  as  used  in  search- 
lights. Experience  had  shown  that  a  reasonably  smooth  arc 
would  be  obtained  with  a  current  density  of  about  0.15  amp. 
per  sq.  mm.  of  the  area  of  the  cross  section  of  the  positive  car- 
bon. By  using  a  magnetic  field  it  was  found  possible  to  increase 
this  figure  to  0.35  amp.  per  sq.  mm.  The  result  on  the  total  flux 
of  light  was  an  increase  of  50  per  cent.  The  positive  carbons 
were  copper  plated.  Copper  coating  was  also  applied  to  the 
negatives,  which  were  cored.  Tests  of  the  illumination  across 
the  diameter  of  the  search-lamp  beams  produced  by  arcs  between 
electrodes  of  equal  diameter  and  carrying  equal  currents  at  a 
range  of  13,000  ft.  (3968  m.)  gave  a  ratio  of  i  :72>  '•  4^>  '^^^  being 
solid  carbons,  but  the  first  plain  and  the  other  two  impregnated. 
It  should  be  emphasized  that  the  above  results  would  not  apply 
to  high-intensity  arcs,  such  as  the  Sperry  and  Beck. 

"£.  T.  Z.,  Dec.  9,    1020,  p.  973. 
'•'■'Jour.  Frank.  Inst.,  Oct.,   1920,  p.   509. 
'^CcntralZeit.   f.   Optik.   tnech.,   Oct.    10,    1920. 

Tech.  Rev.,  Mar.  29,   192 1,  p.  299. 
"Jour.  Inst,  of  E.  E.,  Aug.,   1920,  p.  652. 


190         TRANSACTIONS  I.  E.  S.      VOL.  XVI,  NO.  7,  OCT.   lO,  I92I 

An  unusual  arrangement  for  a  searchlight  installation'^^  is 
found  on  some  German  warships,  where  the  instrument  itself 
is  placed  in  a  protected  position  inside  the  hull,  while  the  light 
passes  up  through  the  hollow  steel  mast  of  the  ship  and  is  pro- 
jected by  a  mirror  at  the  top. 

Automobile  Head-lamps. — New  head-lamps  for  automobiles 
continue  to  appear^^.  Among  the  recent  designs  is  one  having 
two  bulbs,  one  above  the  other,  the  upper  fitted  with  a  reflector 
of  the  standard  parabolic  shape,  the  lower  with  only  the  bottom 
half  of  such  a  reflector.  The  lower  bulbs  are  not  visible  and  are 
used  for  city  traffic.  They  may  be  dimmed  to  give  a  low  con- 
sumption for  parking  purposes. 

What  is  claimed  to  be  a  near  approach  to  a  perfect  non- 
glaring  automobile  head-lamp  is  reported^"  from  England.  It  has 
a  cartridge-type  case  containing  an  elaborate  system  of  ten  lenses 
and  two  prismatic  reflecting  condensers  arranged  at  the  front  and 
rear  of  the  case.  Another  non-glaring  head-lamp  attachment 
emanating  from  England,"'^  consists  of  a  grid  made  up  of  thin 
aluminium  plates  crossing  at  right  angles  and  forming  a  net- 
work of  squaure  tunnels  about  }i  in.  (0.95  cm.)  wide  and  2  in. 
(5.08  cm.)  long.  These  are  held  in  a  frame  which  fits  onto  the 
lamp.  The  result  is  that  the  beam  is  concentrated  about  4  or 
5  ft.  (1.2  m.  to  1.5  m.)  in  front  of  the  lamp,  whence  it  widens 
out  to  give  sufficient  light  laterally. 

Movie  Lamps. — Efforts  have  been  made  for  a  number  of 
years  to  perfect  a  high-current  arc  lamp  for  moving-picture  pro- 
jection, in  which  the  upper  carbon  is  horizontal  and  the  lower 
inclined  at  an  obtuse  angle.  Such  lamps  have  been  used  for 
currents  up  to  30  amperes,  but  at  higher  currents  it  has  been 
found  impossible  to  keep  the  arc  sufficiently  steady.  Success  in 
overcoming  this  difficulty  is  claimed'^-  for  a  new  lamp  brought  out 
in  Germany  for  both  A.  C.  and  D.  C.  and  current  strengths  up  to 
80  amperes.  The  reason  is  said  to  be  due  to  the  almost  vertical 
position  of  the  positive  crater  and  to  the  fact  the  arc  does  not 
break  out  laterally  and  the  arc  flame  rises  almost  vertically  and 
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does  not  lend  to  strike  the  condenser.  This  is  accomphshed  by 
a  carefully  designed  and  syntonized  magnet  which  constantly 
controls,  centers  and  kee])s  the  arc  in  an  upright  position.  Among 
the  constructional  improvements  are  a  reduction  of  the  hand 
wheels  controlling  the  arc  from  5  or  7  to  3 ;  an  arrangement  of 
the  carbon  holders  so  that  they  are  withdrawn  from  the  heat  of 
the  arc  and  the  use  of  three  pedestals  through  which  all  parts 
have  multiple  supports.  A  considerable  imj)rovement  in  light 
flux  for  the  same  wattage  consumption,  and  a  more  uniform 
light  distribution  beam  are  other  claimed  advantages.  The  same 
development  has  just  been  announced'^"  in  this  country.  .Auto- 
matic regulation  of  the  arc  length  is  obtained  through  a  motor 
whose  speed  is  dependent  on  the  arc  voltage.  The  negative  car- 
bon is  inclined  at  an  angle  of  60  degrees  to  the  horizontal.  This 
lamp  has  only  two  hand  adjustments. 

An  improved  stereopticon  lamp  is  reported"*  from  France. 
It  is  used  for  opaque  projection  and  is  intended  to  be  used  in  a 
light  room.  The  features  of  the  instrument  are  the  arrangement 
of  the  reflectors  behind  the  source  of  light  which  may  be  of  any 
type,  and  the  short  focus  lenses  employed  to  concentrate  further 
this  light  upon  the  object.  The  lamp  house  has  a  powerful  con- 
denser, the  balance  of  the  optical  system  being  contained  in  a 
separate  unit. 

Comparisons  have  been  made  as  the  result''^  of  tests  on 
ground  and  unground  glass  reflectors  used  in  head-lamps,  which 
seem  to  show  that  the  beam-candlepower  increases  only  ap- 
proximately as  the  square  of  the  reflection  diameter  and  that  the 
ground  and  polished  reflectors  average  about  50  j)er  cent  higher 
in  beam  candlepower  than  the  unground  for  the  same  diameter 
and  have  a  lower  cost  per  candle. 

The  old-fashioned  lime  light,  with  certain  modifications,  has 
been  revived'^"  in  Germany  for  cinema  projection,  owing  to  the 
restrictions  on  the  use  of  electricity  and  its  relatively  high  cost. 
The  original  piece  of  lime  has  been  replaced  by  a  small  disk  about 
0.5  in.  (1.27  cm.)  in  diameter,  made  of  rare  earths.     It  is  heated 
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by  an  oxy-acetylene  flame.  The  acetylene  is  produced  from  car- 
bide and  large  volumes  of  oxygen  are  obtained  by  gently  heating 
a  patented  material,  sold  in  small  metal  tubes  enclosed  in  the 
ordinary  steel  bottles.  It  is  said  to  have  been  extensively  adopted 
in  German  theatres  and  is  especially  adapted  to  travelling  shows, 
as  the  complete  equipment  with  spare  oxygen  tubes  can  be  packed 
in  a  box  i;>4  ft.  x  i^  ft.  x  i  ft.,  (0.53  m.  x  0.38  m.  x  0.30  m.), 
weighing  72  pounds.  A  tube  of  oxygen  lasts  2  hours  and  the 
cost  of  operation  is  about  one-third  that  of  electricity. 

A  new  screen  for  moving- picture  projection  is  designed^'' 
for  use  in  daylight  and  employs  the  principle  of  transmission. 
The  projection  machine  is  placed  behind  the  screen  in  an  enclosure 
from  which  all  other  light  is  excluded.  It  is  claimed  that  the 
diffusion  is  so  regular  that  an  even  luminosity  is  obtained,  while 
the  light  source  is  invisible.  Under  reflected  light  the  screen 
shows'  a  deep  black  color. 

In  place  of  the  shutter  and  intermittent  film-feeding  gear  of 
the  ordinary  motion  picture  projector,  a  new  device*^^  employs 
a  continuously  rotating  ring  of  mirrors.  The  facets  on  the  mir- 
rors are  so  arranged  and  set  at  such  an  angle  that  the  two  lights 
from  the  two  partial  film-pictures  which  are  present  at  any 
instant  at  the  opening,  are  separated  and  transposed  into  their 
correct  positions  on  the  screen  and  join  up  to  form  a  complete 
image.  There  is  no  dark  period  and  no  over-lapping  or  dis- 
solving of  the  successive  pictures  into  each  other,  as  the  first 
picture  disappears  at  precisely  the  same  rate  that  the  second 
takes  its  place.  The  film  is  run  uniformly  through  the  machine 
and  the  images  are  said  to  be  clear  and  sharply  defined. 

Miners  Lamps. — As  a  result  of  ten  years'  experience  with 
standard  electric  safety  lamps  for  miners,  a  new  unit"'-*  has  been 
worked  out.  The  essential  features  are  a  fitting  for  the  cap,  of 
aluminium,  shaped  to  receive  a  silvered  reflector,  which  is  screwed 
to  take  the  lens  ring.  The  lamp  holder  is  secured  to  the  inner  side 
of  the  cap  fitting,  and  is  connected  to  the  battery  through  special 
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contacts  and  a  cable.  The  battery  case  is  of  heavily-tinned  sheet 
iron  coated  with  acid-proof  paint.  The  connections  to  the  elec- 
trodes are  through  spring  plungers  in  ebonite  blocks,  to  avoid 
the  use  of  spring  connections  on  the  battery  terminals.  The  cap 
is  especially  designed  so  that  the  weight  is  uniformly  distributed 
on  the  head  and  the  cable  maintained  in  a  central  position  at  the 
back.  The  2-volt,  0.5  amp.  lamp  has  a  nominal  candlepower 
equal  to  0.7  reflected  candlejKDwer,  which  gives  a  beam  extending 
over  an  area  of  10  ft.  (3.04  m.)  at  a  distance  of  2^  ft.  (0.76  m.) 
A  flange-tight  switch  is  fitted  to  the  battery. 

A  research  has  been  conducted''^  by  the  British  Miner's 
Lamp  Commission  on  the  possibility  of  danger  from  the  ignition 
through  short  circuits  or  otherwise  of  the  celluloid  used  as  cases 
for  the  batteries  of  miner's  lamps.  It  was  found  that  the  ignited 
celluloid  would  not  ignite  fire-damp  and  would  not  produce  fumes 
dangerous  to  health,  but  that  it  might  cause  enough  pressure  to 
burst  the  lamp  case.  This  difficulty  can  be  avoided  by  providing 
vent  holes  in  the  metal  cases. 

STREET  LIGHTING. 
A  survey  of  the  changes  in  street  lighting  in  the  principle 
cities  of  this  country  as  shown  by  the  reports  of  the  engineers 
in  charge,  indicates  to  some  extent  a  reflection  of  the  business 
situation,  as  the  statement  of  "no  additions"  is  generally  ac- 
companied by  "lack  of  funds"  as  the  cause.  The  renewal  of 
activities  which  started  immediately  after  the  close  of  the  war 
has  continued,  and  while  many  cities  have  adopted  the  policy  of 
waiting  for  the  resumption  of  normal  business  and  for  lower 
cost  of  materials  and  labor  before  increasing  their  street-lighting, 
others  have  forged  ahead  wuth  their  development  work.  A  not- 
able illustration  of  the  latter  condition  is  to  be  found  in  the  case 
of  Kansas  City,  Mo.,  which,  will  be  referred  to  later.  It  is 
rather  interesting  to  note  that  the  principle  cause  given  for  cur- 
tailment in  lighting  in  European  cities  is  the  coal  shortage.  In 
most  cases  this  has  caused  a  change  from  gas  to  electricity,  rather 
than  an  actual  decrease  in  the  lighting  equipment. 

^"Elec.  Mar.   18,  1921,  p.  327. 


194      TRANSACTIONS  I.  E.   S.        VOI,.   XVI,  NO.  7,  OCT.    10,   I92I 

The  great  variety  in  the  methods  of  reporting  on  street 
hghting  emphasizes  the  desirability  of  a  standardized  form  which 
will  show  all  the  data  needed  by  the  illuminating  engineer  to 
get  an  adequate  idea  of  an  installation.  Thus  most  reports  give 
the  total  number  and  kind  of  lamp  employed  and  many  add  the 
spacing  or  number  of  standards  to  the  block  and  the  height  of 
the  light  centre.  One  report  gives  the  number  of  miles  of  streets 
lighted  by  various  sources,  and  another  adds  the  candles  per 
foot.  Would  it  not  be  a  useful  addition  to  the  practical  accomp- 
lishments of  the  Illuminating  Engineering  Society  to  have  the 
proper  committee  prepare  such  a  standardized  model  form  which 
would  list  the  subjects  on  which  data  should  be  given,  and  dis- 
tribute these  forms  to  city  engineers  and  others  who  are  interested 
in  street  lighting  information,  so  that  future  reports  may  be  more 
comprehensive  ? 

Reference  should  be  made  to  the  report^^  of  the  Street  and 
Highway  Lighting  Division  of  the  Lighting  Sales  Bureau  of  the 
N.  E.  L.  A.  Attention  is  there  called  to  the  fact  that  "Street 
lighting  systems  should  form  a  part  of  the  architectural  develop- 
ment of  every  community  and  more  thought  should  be  given  to 
the  artistic  design,  as  well  as  the  efficiency  of  both  fixtures  and 
standards."  In  a  discussion  on  the  trend  of  practice  in  ornamen- 
tal street  lighting,  it  has  been  said^-  that  the  present  tendency  is 
toward  single  lamps  vvith  prismatic  reflectors  and  toward  higher 
mounting  heights.  Concrete  posts  are  competing  with  cast  iron 
for  public  favor  in  street  lighting.  Typical  present  practice  is 
to  employ  mounting  heights  of  12  to  14  ft.  (3.7  m.  to  4.3  m.) 
although  heights  to  25  to  35  ft.  {y.^  m.  to  10.7  m.)  occur  in 
some  of  the  large  cities. 

There  is  a  growing  use'''  of  the  type  of  street  traffic  signals 
which  is  made  in  the  form  of  a  low  mound  of  concrete  or  other 
suitable  material,  not  over  a  foot  or  two  high,  smoothly  rounded 
to  the  edge,  painted  white,  with  stripes  in  some  cases,  for  day- 
light observation  and  provided  with  red  lenses,  back  of  which 
are  electric  lamps  for  night  use.  Striking  such  mounds  does  not 
result  in  either  danger  to  the  machine  or  to  the  signal. 

'"Rci)ort  of  Street  and  Highway  Division,  N.  Iv  I,.  A.,  May,   1921. 
"jB/ec.  Wld.,  May  28,   19^:1,  i>.   1208. 
""■Sci.  Amer.,  May  28,  1921,  p.  433. 
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Altenlion  has  been  called'^  to  the  waste  in  the  present 
methods  of  operating  gas  street  lamps,  owing  to  the  hours  of 
Ui;eless  burning,  just  before  and  after  darkness.  The  average 
period,  during  which  the  street  gas  hmips  are  burned  daily  is 
given  as  eleven  hours,  whereas  they  should  be  lit  on  the  average 
for  only  nine  hours.  In  Philadelphia  alone,  with  25,500  lamps, 
each  consuming  14,400  cu.  ft.  per  year  the  loss  amounts  to  o\er 
$60,000.00. 

Considerable  attention  is  being  paid  to  improvements  in  street 
lighting  in  foreign  countries,  as  will  be  seen  from  the  references 
following  those  describing  new  installations  in  the  United  States. 

TJie  Western  Coast. — Seattle  reports  no  changes  in  their 
lighting  system  and  Portland  has  made  changes  only  to  the  ex- 
tent of  increasing  the  number  of  arc  lamps  by  75.  In  San  Fran- 
cisco improvements  have  come  to  a  standstill,  largely  due  to  the 
fact  that  the  cost  of  street  lighting  has  very  materially  increased 
through  surcharges  approved  by  the  California  Railroad  Com- 
mission. In  Los  Angeles  small  installations  of  ornamental  ix)sts 
have  been  made  both  in  the  residential  and  business  zone  districts. 
A  type  of  standard  proposed  in  these  business  zones  has  a  two- 
lamp  concrete  or  cast-iron  post,  approximately  17  ft.  (5.2  m.)  to 
the  lamp  centre  with  400  c.  p.  tungsten  gas-filled  Ir.mps,  the  spac- 
ing being  from  100  to  135  ft.  (30.4  m.  to  41. i  m.) 

Utah. — Arrangements  have  been  completed  for  the  instal- 
lation and  maintenance"''  of  an  extension  to  the  "White  Way" 
lighting  system  of  Salt  Lake  City.  Six  and  six-tenths  ornamen- 
tal, luminous  arc  lamps  provide  the  illumination,  there  being 
three  to  a  standard,  fourteen  standards  to  the  block,  seven  on 
either  side  of  the  street.  The  new  district  will  contain  112 
standards  out  of  a  total  of  182,  the  whole  covering  two  miles  of 
streets,  giving  approximately  90  candles  per  foot  of  street  lighted. 

Colorado. — Negotiations  are  under  way'"  in  Denver  to  light 
the  Williams  Highway  from  the  city  limits  of  Golden  to  the 
summit  of   Lenkert   Mountain,  a  distance  of   five  miles.     One 

^*Gas  Record,  Oct.   13,   19- 1.  P-  24- 
"£/(?c.   Wld.,  Jan.   29,    19^0,   p.   282. 

Elec.  Rev.  (U.  S.),  Mar.   12,   19-1.  P-  4i6. 
^'Elcc.  Wld.,  April  9,  1921,  p.  841. 
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hundred  and  fifty  600-c.  p.  series  incandescent  lamps  will  be  em- 
ployed, mounted  on  20  ft.  (6.1  m.)  posts,  the  lamp  centers  being 
18  ft.  (5.5  m)  from  the  ground. 

Middle  West. — A  big  change  in  street  lighting  equipment  has 
finally  been  decided  upon  in  Kansas  City,'^^  Missouri.  Five 
thousand  six  hundred  gas  lamps  are  to  be  replaced  by  2600 
electric  lamps  of  the  600  c.  p.  size  in  the  down  town  districts  and 
400  c.  p.  in  the  outlying  parts.  The  city  already  had  5419  electric 
street  lamps.  Another  new  feature  is  an  arrangement  whereby 
the  "White  Way"  lighting  is  to  be  operated  on  the  same  schedule 
as  the  regular  street  lamps. 

The  five-lamp  cluster  standards  installed  in  Minneapolis  five 
years  ago  have  not  proved  to  be  very  satisfactory  from  the  stand- 
point of  good  illuminating  engineering  and  a  change  in  the  equip- 
ment has  been  suggested,^*  which  would  direct  more  of  the  light 
rays  toward  the  street  and  eliminate  objectionable  glare.  An 
extension  of  the  ornamental  lighting  system  has  been  demanded 
and  will  be  met  by  putting  in  some  single-lamp  500-watt  units. 

Work  has  been  started  on  the  extension  of  the  Fort  Worth 
street  lighting  system'''  which  will  amount  to  an  increase  of  75 
per  cent  when  the  eight  hundred  300-watt  lamps  are  installed  in 
the  southern  section  of  the  city.  A  new  "White  Way"  system 
has  been  placed-"  in  service  in  Oklahoma  City. 

Central  States. — In  Detroit,  Michigan,  since  July  i,  1920, 
442  enclosed  A.  C.  arc  lamps  have  been  replaced  by  4-amp., 
luminous  arc  lamps  of  the  pendant  type.  One  thousand,  one 
hundred  and  seven  (1107)  lamps  of  this  type  have  been  in- 
stalled in  addition  to  those  already  in  service.  Some  of  these 
lamps  have  been  added  to  improve  the  illumination  in  the  down 
town  districts,  but  the  greater  number  have  been  fitted  up  in  the 
outlying  new  residential  sections.  Forty-seven  4-amp.  boule- 
vard-type luminous  arc  lamps  have  been  installed  in  Roosevelt 
Park.  Plans  are  in  preparation  for  the  ensuing  year  for  the  in- 
stallation (jf  five  hundred  4-amp.  luminous  arc  lamps  on  over- 

"Elec.   Wld.,  Mar.  5,   1921,  p.  556. 
'"^lilcc.   Wld.,  April  9,   192 1,  p.  845. 
""'Hlec.    Wld.,   Mar.    s.    192 1,  p.   SS6. 
*^Blcc.  Rev.   (U.   S.),  July  9,   '9-^'.  P-   sB- 
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head  circuits  and  seven  hundred  and  sixty  4-ami).  lamps  connected 
to  underground  circuits. 

Additions  to  the  regular  street  lamps  in  Cleveland  have 
amounted  to  112,  and  it  is  planned  to  add  400  lamps  to  the 
"White  Way"  lighting  system  during  the  coming  year.  An  orna- 
mental lighting  system  has  been  installed"*  in  one  of  the  parks, 
and  replaces  a  former  system  using  250  c.  p.  gas-filled  tungsten 
lamps  spaced  about  250  ft.  (75  m.)  apart  on  a  standard  which  was 
a  converted  gas  post  and  only  9  ft.  (2.7  m.)  high.  The  new  units 
are  suspended  on  ornamental  bracket  lantern  posts,  the  globe 
being  of  the  same  type  as  that  used  in  the  "White  Way"  lighting 
of  the  city  and  containing  interchangeable  parts.  Certain  por- 
tions of  the  standards  are  also  interchangeable.  The  lamp  heights 
are  approximately  20^  ft.  (6.2  m.).  The  standards  are  spaced 
200  ft.  (60  m.)  apart  and  carry  600  c.  p.  tungsten  lamps.  A 
special  cleaning  schedule  has  been  arranged  for. 

A  new  lighting  system  has  been  laid  out  for  Hamilton,  Ohio, 
to  replace"-  the  old  series  enclosed  arc  lamps,  which  have  come 
to  be  obsolete.  One  thousand  and  four  hundred  (1400)  gas- 
filled  tungsten  lamps  will  be  required,  made  up  of  the  1000  c.  p. 
size  in  the  business  district,  600  c.  p.  on  the  main  thoroughfares, 
400  in  the  thickly  settled  residential  portions,  and  250  c.  p.  for 
the  outlying  parts  and  for  the  middle  of  blocks  where  the  dis- 
tance is  too  great  for  street-intersection  lighting  alone.  At  Lima, 
Ohio,*^  a  new  system  is  being  put  in  consisting  of  1000  standards 
with  1000  c.  p.  lamps. 

Eastern  States. — Two  hundred  of  the  globeless  street-light- 
ing standards  described  in  the  section  on  "Fixtures"  have  been 
installed  in  a  residential  district  in  Rochester,**  N.  Y.  Wilkes- 
barre,  Pa.,  is  trying^^  out  in  its  gas  street  lighting,  an  automatic 
lighting  and  extinguishing  apparatus  operated  on  the  pressure- 
wave  principle. 

In  Philadelphia  there  are  at  present  in  use  18.350  electric 
lamps,  25,480  free  gas  lamps,  11,364  paid-for  gas  lamps,  and 
9,901  gasoline  lamps. 

"Elec.  Wld.,  July  23,   ig-^i.  P-   i57- 
"Elec.   Wld.,  June   18,    loji,  p.    i447- 
"Elcc.  Wld.,  July  23,   I9JI,  p.   186. 
'*Elec.   Wld.,  June    18,   1921,  p.    1430. 
*^Am.  Gas  Eng.  lour.,  Jan.   i,   1921,  p.  21. 
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The  following  table  shows  the  number  of  lamps  in  the  city 
of  Boston  up  to  and  including  June  i,  192 1 ;  with  a  similar  state- 
ment for  the  year  ending  May  i,  1920,  and  a  column  showing 
the  increase : 

June  I,  1921      May  i,  1920    Increase 

Magnetite  arc  lamps 
Magnetite  arc  lamps 
Incandescent 


Gas  open  flame  F.  A. 
Single-Mantle  Gas 
Welsbacli 


800  c.  p. 

Series 

5352 

5297 

55 

800  c.  p. 

Multiple 

26 

40  c.  p. 

Series 

1893 

1836 

57 

Multiple 

1449 

1447 

2 

60  c.  p. 

Series 

743 

730 

13 

Multiple 

555 

567 

— 12 

100  c.  p. 

Series 

3 

3 

Multiple 

14 

14 

200  C.  p. 

Series 

10 

10 

500  c.  p. 

Multiple 

II 

II 

143 

144 

— I 

60  c.  p. 


97IO 


9704 


277  "White  Way"  lamps,  Boulevard  type,  included  in  the 
magnetite  arcs  above  quoted. 

Canada. — Montreal,  West,  is  to  be  lighted'^  by  tungsten 
lamps  on  cast-iron  ornamental  pedestals  which  will  total  280 
and  are  said  to  be  sufficient  to  light  all  the  streets.  The  street 
lighting  system  of  Victoria,  B.  C,"  consists  of  905  arc  lamps 
and  1009  five-lamp  cluster  incandescent-lamp  standards.  The 
city  is  divided  into  19  separate  lighting  circuits  each  supplied 
with  independent  power  circuits.  The  cluster  lamp  system  sup- 
plies the  central  portion  of  the  city.  In  the  western  district  gas- 
filled  tungsten  lamps  are  replacing  the  arc  lamps. 

Cuba. — Many  cities  in  Cuba^''^  are  installing  electric  street 
lighting  while  other  cities  are  bringing  antiquated  systems  up 
to  date.  Havana  is  providing  electric  lamps  on  all  streets.  Five 
hundred  arc  lamps  have  been  replaced  by  gas-filled  incandescent 
lamps.  The  old  arc-lamp  hoods  have  been  adapted  as  fixtures 
and  bracket  arms  suspend  the  lamps  over  the  street  in  order  to 
get  as  even  a  light  distribution  as  possible. 

Creat  Britain. — Automatic  lighting  and  extinguishing  of  gas 
street  lamps  is  in  operation  in  over  180  towns  of  the  United 
Kingdom.^"     As  a  result  of  experience  gained  during  the  war 

*"£/£■<:.   News     (Can.),    April    15,    1921,   p.   52. 
"'Elec.  News    (Can.),  Feb.   i,   1921.  p.  36. 
"'^Blec.  Rcc,  Nov.,  1920,  p.  349. 
'^^ Gas  Jour.  Sept.  29   1920,  p.  674. 
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London  has  eft'ected-'"  economies  in  street  lightiii"^  by  the  reduc- 
tion of  the  lighting  hours  from  41 17  liours  per  annum  to  3940  in 
the  case  of  electricity  and  4024  in  respect  to  the  gas  lighting.  At 
the  same  time  a  considerable  number  of  arc  lamjts  on  main 
thoroughfares  have  been  extinguished  at  midnight  and  a  reduc- 
tion has  been  made  in  the  number  of  high-pressure  gas  lamps 
in  the  main  roads,  where  such  lamps  are  not  on  the  street  refu- 
gees or  in  important  positions.  In  the  Westminster  district'''* 
122  arc  lamps  have  been  replaced  by  750-watt,  200-volt  gas- 
filled  tungsten  lamps  in  lanterns  of  a  special  pattern.  There  are 
two  lanterns  on  a  post,  the  latter  being  spaced  160  ft.  (48.6  m.) 
apart,  the  lamp  height  being  25  ft.  (7.6  m.).  The  maximum 
illumination  as  measured  directly  under  the  lamp  was  2.6  foot 
candles  and  the  minimum  illumination  midway  between  the  lamps 
was  0.3  foot  candle. 

The  Liverpool  city  lighting  report^-  for  1920  states  that  dur- 
ing the  year  the  lighting  w'as  placed  on  its  pre-war  basis.  Irrespec- 
tive of  courts  and  passages,  the  total  length  of  roads  equipped 
for  lighting  amounted  to  504  miles,  of  which,  9  miles  was  by 
electricity,  490  miles  by  incandescent  gas,  0.5  mile  by  flat-flame 
burners,  and  4.5  miles  by  oil  lamps. 

On  the  main  streets  of  Taunton,  England,  the  old  7-amp., 
open  type  D.  C.  arc  lamps  have  been  completely  replaced"^  by 
200-watt  gas-filled  incandescent  lamps,  with  refractor  prismatic 
fittings.  Leeds  has  decided  to  have  three-quarters  of  the  total 
number  of  public  lamps  lighted,  which  will  bring  a  return  to  pre- 
war conditions.***  Of  the  527  gas  street  lamps  in  Blythe.  North- 
umberland,'''" 270  are  controlled  by  the  two-wave  pressure  sys- 
tem, the  remainder  being  lighted  by  hand.  The  latter  require  the 
attention  of  four  men,  while  the  former  are  looked  after  by 
only  two.  The  old  mantle  burners  which  were  fixed  in  the  main 
street  have  been  removed  and  controlled  lamps  with  double  burn- 
ers put  in  their  places.  This  has  greatly  increased  the  light 
from  each  lamp.     Full  street  lighting,  both  gas  and  electricity, 

^'Gai  Jour.,   Dec.  22,   igjo,  p.  715. 

^'EICC,    Oct.  22,    IQiO,  p.  47S. 

"G<w  Jour.,  April  13,  1921,  p.  102. 

*^Elec.  Rev.  (Lond.),  May  jo,  1921,   p  653. 

**Elec.  Rev.  (Lond.),  Feb.  4.  19-1,  I>.  i45- 

'■'^Gas  Jour.,  Mar.  :6,  igji,  p.  694. 
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was  resumed"®  in  the  Dublin  metropolitan  area  during  the  winter. 
But  in  the  spring  it  was  decided**^  to  shut  down  the  whole  of 
the  city  lighting  from  May  to  October,  subject  to  a  possible 
change  in  connection  with  the  curfew.  The  coal  situation  was 
said  to  be  responsible  for  this  action. 

Paris. — Coal  stock  reached  a  point  last  fall  where  it  was 
considered  feasible  to  increase-*^  the  lighting  of  Paris,  France,  and 
19,000  gas  lamps  were  put  in  commission  and  arrangements  made 
for  the  installation  of  1500  electric  lamps  on  boulevards  and 
main  streets. 

Holland. — The  coal  shortage  in  Holland""  has  lead  to  efforts 
to  conserve  gas  by  the  use  of  electricity,  and  particularly  in 
street  lighting.  Amsterdam  and  The  Hague  have  set  the  ex- 
ample by  adapting  the  gas  street  lamps  for  electricity  and  in 
Rotterdam  credit  was  extended  to  electrify  800  street  lanterns. 

Italy. — A  report  of  public  lighting  conditions  in  Italy 
states^""  that  the  enormous  increase  in  the  price  of  coal  has  prac- 
tically eliminated  gas  lighting,  while  the  difficulty  of  obtaining 
carbon  electrodes  and  the  high  cost  of  labor  has  hastened  the 
substitution  of  incandescent  lighting  for  arc  lighting.  The  use 
of  series,  gas-filled  tungsten  lamps  is  being  introduced. 

Australia. — The  1919  report  of  the  city  of  Adelaide,  states^"^ 
that  provision  has  been  made  for  the  alteration  of  some  269  in- 
verted-burner gas  lamps  to  the  ordinary  upright  mantle  type. 
During  the  year  the  street  lighting  was  curtailed,  owing  to  a 
coal  shortage. 

China. — This  year  has  seen  the  completion  of  the  re-lighting 
of  Shanghai's  main  thoroughfare,  Nanking  Road.^''-  Thirty-five 
400  c.  p.  cluster  fittings  have  been  replaced  by  seventy-two  600 
c.  p.  gas-filled  tungsten  lamps.  The  result  is  said  to  compare 
favorably  with  the  lighting  of  the  principle  streets  in  large  occi- 
dental cities. 

"^Gas  Jour.,   Dec.  i,  1920,  p.  528. 

"'Coj  Jour.,   May  11,  1921,  p.  339. 

""Gaj  Jour.,   Oct.  13,  1920,  p.  94. 

""Elec.  Rev.   (I^ond.),  Sept.  24,  1920,  p.  398. 

^""Elettrotecnica,   Feb.  25,  192 1,  p.  126. 

^"^Gas  Jour.,   Sept.  29,  1920,  p.  673. 

^"■'Elec.  Times,   June  9,  1921,  p.  550. 
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OTHER  EXTERIOR  ILLUMINATION. 
The  great  development  of  motion-picture  photography  has 
necessitated^"''  the  provision  of  auxilHary  Hghting  for  out-door 
work,  either  to  supplement  insufficient  light  in  the  daytime  or 
to  provide  for  the  possibility  of  night  work  for  locations  distant 
from  the  studio.  For  this  purpose,  special  equipment  has  been 
designed,  a  sample  set  consisting  of  a  compound-wound  gen- 
erator direct-connected  to  a  6-cylinder  water-cooled  gasoline  en- 
gine, the  whole  mounted  on  an  automobile  chassis  and  provided 
with  cable  so  that  arcs  can  be  operated  at  a  distance.  An  arrange- 
ment of  this  kind  with  high  intensity  arc  lamp  projectors  has 
been  found  useful  in  emergency  lighting,  such  as  that  required 
in  the  case  of  large  fires  or  building  accidents. 

The  farm-lighting  plant  which  has  done  so  much  in  recent 
years  to  provide  light  and  power  to  farms  isolated  from  the 
usual  sources  of  electricity  and  gas  supply,  has  been  intro- 
duced^"* into  the  Far  North.  A  pioneer  lighting  outfit  has  been 
installed  in  the  Kodiak,  Baptist  Mission  on  Kodiak  Island,  just 
south  of  Cook  Inlet,  Alaska.  It  will  undoubtedly  do  much  to 
mitigate  the  inconveniences  of  the  long  winter  nights. 

Pre-war  high-pressure  gas  lighting  of  London's  three  old 
corporation  bridges,  Tower,  London  and  Blackfriars  has  given'"^ 
place  to  low-pressure  lamps  with  multiple  burners  and  super- 
heaters in  the  top  of  the  lanterns.  The  new  Southwork  bridge 
is  similarly  equipped.  It  has  ninety  lamps  in  groups  or  clusters 
of  three  lanterns  mounted  on  ornamental  cast  iron  standards 
rising  from  the  parapets  and  about  45  ft.  (13.7  m.)  apart.  They 
are  placed  opposite  each  other.  Each  lantern  is  fitted  with  a 
special  burner  opening  out  into  three  nozzles  with  inverted 
mantles.  By  the  aid  of  the  super-heater,  an  illumination  of  some 
250  candles  per  lamp  is  obtained. 

Sports. — It  is  interesting  to  note  the  difference  in  opinion 
as  to  the  desirabihty  of  shadows  in  lighting  installations  used 
for  interior  and  exterior  tennis  courts.  Both  uniform  and  non- 
uniform systems  seem  to  give  satisfaction.     Two  of  the  public 

^"^Elcc.  Jour.,  Feb.,    1921,  p.   71. 

'**£/fC.  Rev.  (U.   S.),  April  30,   1921,  p.  688. 

'"Cflj  Jour.,  June  22,   19^1,  p.  694. 
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tennis  courts  of  Golden  Gate  Park,  San  Francisco,  have  been 
equipped  with^'^"  lighting  for  night-playing  as  an  experiment, 
which,  if  successful,  will  result  in  a  similar  installation  in  the 
other  18  asphalt  courts.  The  system  employed  has  been  in  use 
for  some  years.  Each  court  has  four  looo-watt  gas-filled  lamps 
in  metal  reflectors  mounted  30  ft.  (9.1  m.)  from  the  ground  and 
suspended  over  the  center  line  lengthwise  on  steel  cables  sup- 
ported by  guyed  wooden  poles.  Players  at  these  courts  have 
said  that  the  gauging  of  the  flight  of  the  ball  and  timing  of 
strokes  were  facilitated  by  the  shadows  caused  by  the  fixed  posi- 
tions of  the  overhead  lamps.  As  a  contrast  to  this  non-uniform 
illumination,  reference  should  be  made  to  the  lighting  of  a  covered 
lawn  tennis  court  described  under  the  heading,  "Interior  Illum- 
ination." 

Floodlighting. — V/hat  is  said  to  be  the  first  floodlighting  in- 
stallation in  South  Africa  has  been  installed^'"'  at  Pretoria.  It 
illuminates  the  Executive  Capitol,  a  building  920  ft.  (280.1  m.) 
long  and  200  ft.  (60.8  m.)  wide,  which  dominates  the  surround- 
ing country  for  miles.  Thirty-nine  projectors,  equipped  with 
lOoo-watt  lamps  light  up  the  front  and  town  end  of  the  build- 
ing. A  coloring  effect  and  additional  contrasts  are  provided  by 
some  500-watt  lamps  in  steel  reflectors  fitted  with  red  glass 
screens.  The  result  has  been  so  satisfactory  that  the  lighting 
has  been  established  as  a  permanent  feature  and  is  operated  every 
night.  Another  so-called  initial  floodlighting  installation,  that 
of  a  railroad  terminal,  in  Vancouver,  B.  C.,  has  been  reported. ^''^ 
Twelve  lOOO-watt  lamps  in  reflectors  placed  in  the  top  of  orna- 
mental standards  in  front  of  the  building  replace  the  regular 
top  lamp  and  globe.  An  angle  reflector  with  fixed  focus  and  ad- 
justable about  10°  is  enclosed  in  a  spherical  globe  of  composite 
nature,  the  lower  half  being  copper  and  the  upper  half  of  glass. 
The  standards  are  27  ft.  (8.2  m.)  apart  and  produce  1.5  ft.  c. 
on  the  face  of  the  building. 

As  a  striking  means  of  indicating  its  welcome  to  those  at- 
tending a  convention,  the  possibilities  of  fanciful  lighting  in  the 
street  decorations  are  often  employed.     This  was  illustrated^'^''  in 

^""Jour.  of  nice,  Nov.   i,    i<>jo,  p.  .ii). 
^'"Elec.  Mcrch.,  Aug.,   1920,  p.  Hg. 
'"'*Blec.  News,  May  15,   1921,  p.  ^19. 
^""Elec.  Rev.  (U.  S.),  May  14,  1921,  p.  767. 
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Des  Moines,  Iowa,  on  the  occasion  of  the  meeting  of  tlie  Council 
of  the  Mystic  Shrine.  The  principle  features  were  a  larj^e  illumi- 
nated "Arch  of  Welcome."  and  "Arabian  Court,"  and  the  roof- 
ing over  of  a  bridge  with  festoons  of  colored  lamps,  giving  it 
the  appearance  of  a  series  of  tents.  At  the  end  of  the  "Court," 
a  large  screen  displaying  Shrine  emblems  was  illuminated  by  an 
18  inch  D.  C.  arc  search-lamp.  The  "Arch"  and  the  "Court"  were 
decorated  with  festoons  of  red,  green  and  yellow  lo-watt  lamps 
on  18  in.  centres.  Throughout  the  business  district  the  top  lamps 
at  street  corners  were  replaced  by  lamps  of  larger  capacity,  300 
or  500-watt,  covered  by  a  papier-machee  or  plaster  shell,  while 
the  lower  lamps  were  covered  with  decorative  shields.  Flood- 
lamps  were  in  use  to  illuminate  the  state  and  court  house. 

A  novel  use  for  floodlighting  has  been  found""  by  a  sub- 
urban home  owner  who  desired  it  to  illuminate  the  tops  of  trees 
within  100  ft.  (30.4  m.)  of  his  house  in  order,  during  certain 
weeks  of  the  year  to  keep  off  blackbirds  which  have  roosted  in 
such  numbers  as  to  be  annoying. 

Aircraft. — The  proper  lighting  of  aero-dromes,  landing  fields 
and  air  highways  continues  to  demand  the  attention  of  those  in- 
terested in  the  development  of  night  flying  for  aircraft.  Experi- 
ments have  been  carried"^  out  at  the  Government  terminal  aero- 
drome at  Droyden,  England,  and  along  the  route  to  the  Channel 
Coast  w'ith  various  types  of  aerial  light-houses,  search-lights, 
I>yrotechnic  lights,  and  obstruction  and  landing  lights.  Illumi- 
nated landing  "L's"  have  been  fitted  out  to  provide  a  semi- 
automatic indicator  to  aeroplane  pilots  of  the  direction  and  posi- 
tion in  w'hich  they  should  land  and  take  off.  A  new  local  pilot 
light  at  aerodromes  consists  of  a  white  cone  illuminated  by  light 
projected  downwards  and  is  to  be  used  as  the  main  location  light 
at  civil  aerodromes,  the  lighthouses  proper  being  reserved  to 
mark  intermediate  points  along  the  route. 

Sign  Lighting. — The  temporary  suspension  of  sign  lighting 
during  the  war  period  has  only  served  to  accentuate  the  effect 
produced  by  the  continual  increase  in  this  type  of  advertising."- 
In  New  York  some  of  the  new  displays  have  as  many  as  3000 

""Elec.  Contr.-DcaL,  Apr.,   192 1,   p.   251. 
'"Elcc.  Rn\  (Lond.).  Mar.  25,   1921,  p.  392. 
*"£/rc.  Merch.,  Sept.,   1920,  p.    loS. 
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to  4000  of  the  75-watt  gas-filled  lamps,  many  of  them  in  blue- 
glass  bulbs.  It  is  not  merely  that  there  is  more  sign-lighting  but 
the  intensities  used  have  increased,  a  fact  evidenced  by  the  change 
from  lo-watt  lamps  to  75-watt  lamps.  Those  types  of  electric 
signs  which  have  each  letter  outlined  by  lamps  require,^^^  as  a  rule, 
a  considerable  number  of  units  with  a  consequent  high- wattage 
consumption,  to  say  nothing  of  replacement  expense.  In  order  to 
remedy  this,  mirror-disc  reflectors  have  been  designed,  which, 
mounted  on  screw  shanks  to  fit  the  sockets,  replace  all  but  two  of 
the  lamps  for  each  letter.  The  two  remaining  lamps  are  fitted 
with  opaque  caps  to  render  them  invisible  from  the  front  of  the 
sign  without  interfering  with  light  radiated  to  and  reflected  from 
the  mirrors. 

INTERIOR  ILLUMINATION. 
Attention  has  been  called"*  to  the  not-infrequent  custom 
of  thinking  of  the  foot-candle  illumination  as  being  the  all  im- 
portant subject  in  planning  an  installation,  when  the  light  which 
reaches  the  eye  is  what  determines  vision  and,  hence,  the  re- 
flection factor  is  a  very  .important  element. 

In  planning  illumination  for  commercial  and  industrial 
plants,  so  many  factors  have  to  be  taken  into  consideration,  and 
the  standards  of  lighting  change  so  rapidly  that  any  simplification 
in  methods  of  computation  is  sure  to  be  helpful.""  Constant 
revision  of  tables  of  intensity  values  suitable  for  different  types 
of  work  and  classes  of  service  is  a  valuable  aid.  Such  revision 
will  be  found  in  a  discussion  of  illumination  design  which  also 
contains  a  table  showing  the  spacing  and  mounting  height  for 
lighting  units,  taking  into  account  permissible  distance  between 
outlets,  and  between  outlets  and  side  walls  as  well  as  the  sus- 
{jcnsion  distance  for  indirect  units,  from  the  ceiling  to  the  top 
of  the  reflector.  A  recent  discussion  of  modern  domestic  light- 
ing"" in  England  gives  conditions  of  illumination  and  foot- 
candle  values  for  the  various  rooms  of  a  dwelling  house,  show- 
ing present  i)ractice  in  that  country. 

""■Jilec.  Ucc,  Jan.,   1921,  p.  21. 
"*Blec.  IVlcL,  Oct.  2,  1920,  p.  684. 
^^''Elec.   Wld.,  Feb.   19,   1921,  p.  421. 

Ccn.  Sta.,  June,   1921,  p.  361. 
ii<>l{lcc.,  Apr.  8,  192 1,  p.  415. 
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A  Committee  of  the  German  I.  E.  S.  has  issued"^  a  series 
of  recommendations  relating  to  the  lighting  of  interiors.  The 
recommendations  include  values  of  lux  (Hefner-metre  =  0.084 
international  ft.  c.)  for  various  locations,  on  a  working  plane 
I  m.  (3.28  ft.)  above  the  floor,  and  ranging  from  i  lux  for 
areas  of  relatively  small  importance  to  50  for  drawing,  embroid- 
ery, watch-making  and  fine  mechanical  work.  When  daylight 
is  being  exclusively  used,  the  daylight  factor  (i.  c,  the  ratio  be- 
tween the  working  daylight  illumination  and  the  illumination  de- 
rived from  the  unrestricted  sky  surface)  should  not  be  less  than 
0.5  per  cent.  Local  lamps  for  individual  workers  must  be  so 
screened  that  the  brightness  does  not  exceed  0.75  candle  (Hefner) 
per  sq.  cm.  For  general  illumination  the  brightness  must  not 
exceed  5  candles  per  sq.  cm.  if  the  sources  are  so  placed  that  the 
line  from  the  eye  to  the  source  and  the  horizontal  plane  is  less 
than  30°.  In  other  cases  these  light  sources  must  also  be 
screened  or  enclosed  in  light-dififusing  globes. 

Public  Buildings. — The  new  Town  Hall  of  New  York  City, 
a  civic  auditorium  held  in  trust  for  the  citizens,  has  been  lighted 
by  the  indirect  system,  2500  lamps  being  used.  After  making  a 
careful  study  of  the  original  fixtures  in  Independence  Hall,  Phila- 
delphia,"* designers  have  duplicated  the  chandeliers  which  were 
in  use  at  the  time  of  the  construction  of  the  building  in  1735,  and 
equipped  them  for  electric  lighting,  frosted  glass  bulbs  at  the 
end  of  porcelain  tubes  having  replaced  the  original  candles. 

The  lighting  of  the  new  Sessions  House  of  the  London 
County  Council*^"  gives  an  indication  of  present  English  prac- 
tice in  the  lighting  of  public  buildings.  The  public  hall  is  illumi- 
nated by  side-wall  bronze  brackets,  each  having  two  arms  fitted 
with  spherical  globes  carrying  lOO-watt  gas-filled  tungsten  lamps. 
Pendant  ornamenal  bronze  bowls  suspended  under  the  domed 
roofs  and  provided  with  one  looo-watt  and  three  500-watt  gas- 
filled  lamps  light  the  court  rooms.  The  glass-ware  of  these  bowls 
was  especially  chosen  and  has  a  transmission  factor  of  about  45 
per  cent.     Additional  light  is  given  by  wall  brackets  containing 

"'£.  T.  Z.,  July   IS,   19-0.  P-  275- 
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vacuum  tungsten  lamps.  Illumination  tests  show  3.8  to  4.2  ft.  c. 
in  the  court  rooms  and  4.0  to  5.1  in  the  public  hall.  In  the  of- 
fices and  committee  rooms  the  illumination  varies  from  3.1  to  5.7. 
In  the  prison  cells  there  is  0.89  ft.  c.  on  a  plane  three  feet  from 
the  floor. 

A  novel  method  of  utilizing  properly  designed  recesses  in 
the  ceiling^-*'  to  provide  a  correct  distribution  of  light  from  in- 
direct lighting  fixtures  was  adopted  in  a  large  western  library. 
So  well  has  the  idea  been  carried  out  that  it  is  said  there  are 
practically  no  shadows  on  the  floor  and  the  illumination  produced 
is  ideal  for  the  purpose  for  which  it  is  intended. 

A  survey  of  one  hundred  leading  hospitals  in  the  vicinity  of  a 
large  eastern  city  found  only  two  provided  throughout  with  light- 
ing equipment  of  the  most  modern  type.^"^  Only  five  had  their 
lobbies  and  reception  rooms  lighted  satisfactorily  and  over  14 
per  cent  were  illuminated  by  unshielded  incandescent  lamps, 
while  15  per  cent  had  a  single  gas  jet  as  the  only  lighting  for 
these  rooms. 

Assembly  Buildings. — The  renewal  and  modernizing  of  the 
lighting  of  an  old  church  is  a  problem  which  requires  nice  dis- 
crimination and  skill  in  giving  the  right  kind  and  amount  of 
illumination  without  disturbing  the  architectural  effects.^--  The 
Church  of  St.  Dunstan's  at  Canterbury  was  one  of  the  first  rest- 
ing places  of  pilgrims  at  the  shrine  of  Thomas  a  Becket.  It  has 
been  changed  over  from  gas  to  electric  lighting,  the  latter  accom- 
plished by  gas-filled  lamps  in  reflectors  giving  2  to  3  ft.  c.  at  an 
expenditure  of  0.3  watts  per  sq.  ft.  of  floor  area. 

As  a  consequence  of  a  change  in  the  gas  at  Providence, 
R.  I.,  from  a  candlepower  to  a  heat  standard  basis,  it  was  found 
that  52  per  cent  of  the  older  public  school  buildings  which  had 
been  equipped  with  flat  flame  burners  had  to  have  a  new  light- 
ing.^^*  After  a  thorough  investigation  and  some  experimenting 
it  was  decided  to  continue  the  use  of  gas.  The  old  side-bracket 
and  drr)p  fixtures  were  made  over  to  carry  reflex  burners  with 
mica  cylinders  and  opal  shades,  together  with  by-pass  and  pilot 
accessories.     The  resultant  average  illumination  on  the  toj)  of 

^^Elec.   Wld.,   Apr.  23,  1921,  p.  929. 
"'Elec.  Rev.   (U.  S.),  Apr.  23,  1921,  p.  929. 
^''^lilcc.  Rev.   (lyOnd.),  Nov.  ig,  1920,  p.  660. 
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the  desks  was  3  ft.  c.  In  London.'-*  under  the  (hrecticjii  of  the 
Elementary  Schools  Committee  of  the  County  Council  Educa- 
tional Commission,  experiments  have  heen  made  in  two  schools 
with  an  improveil  method  of  ^as  liglltin},^  A  new  form  of  super- 
heated inverted  incandescent  burner  havinj;  a  sj)ecial  type  of 
shade  was  found  to  give  an  ample  and  well-distributed  light  at 
a  saving  in  gas  consumption  and  mantle  renewal,  as  well  as  main- 
tenance. 

Hotels. — A  considerable  use  of  crystals  is  to  be  found'-'  in 
the  lighting  fixtures  of  one  of  the  newest  of  the  large  hotels  in 
the  middle  west.  Crystal  i)endants  add  to  the  ornate  designs  of 
chandelier  and  bracket  fixtures  in  the  promenade.  In  the  main 
dining  room  are  rows  of  crystal  chandeliers  lighted  with  round 
frosted  bulbs  in  candle  sockets.  Similar  lamps  are  used  in  the 
lantern-type  fixtures  suspended  from  the  ceiling  of  the  entrance 
hall.  In  the  ball  room  one  great  crystal  chandelier  and  four 
smaller  ones  supply  the  main  illumination,  a  series  of  three-lamp 
brackets  being  distributed  along  the  wall  beneath  the  balcony. 
Crystal  fixtures  are  also  used  in  the  French  breakfast  room, 
the  brackets  on  walls  and  columns  being  of  glass  as  Avell  as  the 
chandeliers.  Numerous  floor  and  table  lamps  in  the  lounge  pro- 
vide a  home-like  atmosphere,  the  light  being  supplemented  by 
just  enough  from  inconspicuous  ceiling  outlets  to  provide  a  mod- 
erate general  illumination.  In  the  guest  rooms  are  ceiling  out- 
lets with  ornamental  glass-ware,  mantle  lamps,  table  lamps,  floor 
and  desk  lamps.  Bell-shaped  white  glass  shades  with  heavy  brass 
canopies  are  used  in  many  of  the  dow-nstairs  rooms. 

Careful  consideration  of  the  specific  requirements  prefaced 
the  revision'-"  of  a  lighting  system  in  a  hotel  lobby.  Heavy 
beams  finished  in  a  very  dark  glossy  color,  and  a  ceiling  in  dull 
tans  and  yellows  made  an  indirect  system  impracticable.  A  lan- 
tern type  of  fixture  was  found  to  harmonize  with  the  architec- 
ture and  a  very  simple  four-sided  unit  with  mitred  corners  was 
used.  The  side  panels  are  approximately  5  in.  x  22  in.,  (12.7  cm. 
X  55.9  cm.)  of  dense  white  opal  glass  supported  in  a  black  iron 
frame.  About  one  inch  from  the  bottom  of  the  frame  a  plate  of 

'-*(7<w  Jour.,  Jfay  4,    1921,  p.  281. 
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very  light  diffusing  glass  serves  to  conceal  the  lamp  bulb  without 
seriously  lowering  the  amount  of  light  thrown  downward.  The  fix- 
ture is  designed  for  either  a  200-watt  or  a  300-watt  lamp,  and  as 
installed  gave  an  illumination  of  4.5  ft.  c.  on  a  reading  plane  with 
a  power  consumption  of  one  watt  per  sq.  ft.  It  is  so  simple 
and  unobtrusive  that,  while  providing  adequate  light,  it  does  not 
distract  attention  from  the  huge  fireplace  and  works  of  art  which 
are  the  main  attractions  of  the  lobby. 

Stores. — A  study  has  been  made^-^  of  lighting  intensities  in 
twenty-six  large  department  stores  located  in  eastern  cities. 
Readings  were  taken  on  either  the  counter  or  table  level  where 
goods  are  shown.  As  a  result  it  has  been  recommended  that  in 
such  stores  the  illumination  on  the  first  floor  should  be  from  six 
to  ten  foot  candles,  and  from  four  to  eight  foot  candles  for 
other  floors. 

Factories. — Present  practice  in  factory  illumination  may  be 
illustrated^-^  by  the  design  for  a  new  machine-shop  building  of 
concrete.  A  combination  type  of  lighting  was  planned,  having 
general  lighting  for  the  larger  portion  of  the  shop  area,  with 
greater  intensities  along  the  outside  walls  next  to  windows  and 
over  benches.  The  units  were  arranged,  staggered  in  rows  seven 
feet  apart  and  with  a  spacing  of  fourteen  feet  between  units 
in  each  row.  Where  higher  intensities  were  required,  the  units 
were  spaced  seven  feet  apart  on  a  single  line.  Standard 
dome  porcelain-enamelled  steel  reflectors  were  mounted  nine  feet 
above  the  floor,  with  150-watt  gas-filled,  bowl-enamelled  tungsten 
lamps.  The  system  was  designed  to  give  an  average  resultant 
illumination  on  the  working  plane  of  about  nine  foot  candles, 
assuming  a  utilization  factor  of  50  per  cent. 

Shop  lighting  practice  in  England'"''  may  be  seen  in  the 
installation  at  a  motor  repair  works.  General  lighting  in  the 
power  station  is  produced  by  two  rows  of  six  300-watt  gas- 
filled  lamps  in  reflectors  mounted  21  ft.  (6.4  m.)  above  the  floor. 
The  foot-candle  values  exceed  four  and  the  power  consumption 
is  approximately  0.65  watts  per  sq.  ft.  In  the  unit  and  erecting 
shop  the  lam])s  are  hung  24  ft.  (7.4  m.)  from  the  floor.  In  the 
machine  shops,  1 1  and  16  ft.  (3.3  m.  to  5  m.)  heights  are  found, 

''^lilcc.  Rev.  (U.  S.),  Feb.   12,  1921,  p.  251. 
^'^lUec.   Rev.   (U.   S.),  I'cb.   5,   1921,   p.   213. 

'■•■«/;;.  i'.)\ij.  (i.oixi.),  Oct.  Dec,  1920,  p.  2%7. 
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varying  with  the  nature  of  the  work,  the  iMuminatioiis  being 
around  3  ft.  candles  over  gangways  and  7  ft.  candles  over  lathes 
and  machines. 

Open-back  inclinable  punch  presses  in  machine  shops  are 
frequently  provided  with  localized  lighting  by  an  incandescent 
lamp  hung  behind  the  die  in  the  open  back,  or  by  a  drop  lamp 
over  the  operator.  One  shop  has  improved*^"  on  this  by  using  a 
bracket  made  of  standard  parts,  such  as  a  flexible  goose-neck, 
brass  hickey  and  a  small  reflector  made  for  use  on  a  portable 
lamp  around  automobiles.  The  reflector  is  23^2  in.  (6.4  cm.)  in 
diameter  and  completely  shades  the  bulb,  which  is  an  ordinary 
6-8  volt,  4  c.  p.  automobile  lamp.  Current  is  obtained  from  a 
I  lovolt,  A.  C.  line,  through  a  toy  transformer  which  takes  care 
of  six  or  more  lamps.  Several  hundred  of  these  brackets  have 
been  installed  on  presses  in  the  shop  in  question. 

Where  detail  is  so  important  as  in  the  making  of  small  and 
odd-shaped  cores  of  dark  sand,  the  lighting*^^  of  the  core  room 
of  a  foundry  presents  a  problem  a  little  out  of  the  ordinary. 
Such  a  room  recently  equipped  has  a  concrete  floor  60  ft.  x  70  ft. 
(18.2  m.  X  21.3  m.).  Thirty-two  core-makers'  benches  arranged 
four  in  a  row  are  placed  by  the  windows  on  one  side.  Over  each 
section  of  eight  benches  are  placed  two  100- watt,  gas-filled  lamps 
in  15  in.  (0.4  m.)  steel-dome  reflectors,  10  ft.  (3  m.)  apart.  They 
are  10  ft.  (3  m.)  from  the  floor  and  give  an  illumination  of  4  ft.  c. 
on  the  work  benches.  Large  cores  made  on  the  other  side  of  the 
room  are  lighted  by  means  of  three  lOO-watt  lamps  suspended 
from  a  messenger  wire  and  are  10  ft.  (3  m.)  from  the  floor, 
having  steel  reflectors  and  pendant  switches.  Five  lOO-watt 
lamps,  12  ft.  (3.6  m.)  from  the  floor  light  the  core  pilers  along 
the  centre  of  the  room.  25-watt  lamps  in  key  sockets  light  the 
core  racks,  the  coal-heated  oven,  the  fire  pit  and  the  wire  ma- 
chine. 

In  putting  a  new  lighting  system  in  a  saw  mill  it  was  found"- 
possible  to  get  an  intensity  of  6  ft.  c.  at  an  expenditure  of  only 
0.7  watts  per  sq.  ft.  In  the  main  shop,  66  ft.  x  125  ft. 
(20  m.  X  38  m.),  where  many  circular  saws,  band  saws  and 

^"Elec.  IVId.,  Mar.  19,  1921,  p.  657. 
"•£/rf.  iVld.,  Apr.  16,  1931,  p.  884. 
^"EUc.  Times,   Mar.  31,  19J1,  p.  314. 
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planing  mills  are  in  operation,  the  lighting  equipment  consists 
of  fifty-eight  loo-watt  gas-filled  lamps  with  intensive  reflectors 
uniformly  spaced  over  the  area  and  at  a  height  of  10  ft.  In  the 
carpenter  shop  with  the  same  type  of  reflectors  and  lamps,  6  ft.  c. 
were  obtained  with  only  0.65  watts  per  sq.  ft. 

In  the  sewing-machine  room  of  a  women's  suit  factory^^^ 
the  lighting  system  consisted  of  a  number  of  loo-watt  clear-bulb 
gas-filled  lamps  in  reflectors  hung  promiscuously  about  the  room, 
while  individual  machines  were  given  localized  lighting  by  40 
or  60-watt  clear  bulb  vacuum  lamps  in  tin  reflectors.  This  sys- 
tem has  been  replaced  by  a  new  overhead  equipment  of  150- 
watt  bowl-enamelled  lamps  in  standard  dome  reflectors  on  ap- 
proximately 10  ft.  X  ID  ft.  (3  m.  X  3  m.)  centres,  10  ft.  (3m.) 
from  the  floor,  giving  an  illumination  of  9  ft.  c.  Each  machine 
is  provided  with  a  deep  bowl  reflector  mounted  on  an  adjustable 
arm  and  carrying  a  15-watt  clear-bulb  vacuum  lamp  which  gives 
40  ft.  c.  at  the  point  of  the  needle.  The  result  has  been  a  de- 
cided improvement  in  the  appearance  of  the  room  and  in  the 
amount  of  work  turned  out. 

Additional  information  on  the  relation  between  lighting  and 
factory  output"*  is  to  be  found  in  a  report  (Bull.  No.  9)  issued 
by  the  Industrial  Fatigue  Research  Board  of  Great  Britain.  The 
report  deals  with  conditions  in  two  mills  investigated  and  the 
following  conclusions  were  reached :  ( i )  There  is  a  gradual  in- 
crease in  the  output  of  silk  weavers  during  the  time  from  Dec. 
to  March,  due  chiefly  to  the  gradual  decrease  in  time  during 
which  artificial  lighting  is  necessary;  (2)  that  under  artificial 
illumination  production  falls  off  by  about  10  per  cent  of  the  day- 
light value  of  the  output.  It  might  be  added  that  illumination 
at  the  cloth  fell,  in  the  one  mill  varied  from  3  to  3.5  ft.  c.  and 
on  the  porry  from  3  to  5  ft.  c.  In  the  other  mill,  each  loom  was 
provided  with  two  30-watt  lamps,  the  control  of  these  lamps  be- 
ing in  the  hands  of  the  operators.  The  two  methods  of  estimat- 
ing output  as  an  indication  of  influence  of  fatigue  were  based  on 
the  number  of  picks  made  by  a  loom  in  a  given  period,  and  the 
time  taken  to  weave  a  given  area  of  cloth. 

"^■Elec.  Wld.,   May  7,  1921,  p.  1054. 
^^III.  Eng.   (Lond.),  Sept.,  1920,  p.  ^45. 
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An  English  shoe  factory^'^^  which  is  Hghted  by  gas,  has  in 
one  of  the  finishing  rooms  special  localized  illumination  of  14 
ft.  c.  at  the  points  of  the  needles,  while  the  fitters'  tables  have 
from  12  to  16  ft.  c.  Low  pressure  burners  with  aluminum-  cov- 
ered reflectors  are  located  i  ft.  9  in.  (0.53  m.)  above  the  needles 
and  2  ft.  6  in.  (0.76  m.)  above  the  work  on  the  fitters'  table. 

The  presence  of  steam  vapor  carrying  dirt  and  bleaching 
chemicals  complicates  the  problem  of  providing  suitable  light- 
ing in  a  laundry.  A  recent  installation""  comprised  prismatic 
reflector  units  of  the  "reflector-refractor"  type  mounted  10  ft. 
(3  m.)  from  the  floor  on  19  ft.  (5.8  m.)  centers  and  containing 
200-watt  gas-filled  tungsten  lamps,  in  the  washing,  ironing,  dry- 
ing, and  pressing  departments.  In  the  sorting,  marking  and 
packing  rooms  the  same  unit,  with  a  smaller  wattage  lamp,  lower 
mounting  heights  and  closer  spacing  distances,  was  employed. 
After  two  months'  use  the  foot-candle  illumination  in  the  wash- 
ing and  drying  rooms  was  found  to  be  3  ft.  c,  and  in  the  other 
departments  5  ft.  c.  In  the  offices  larger  units  were  used  and  gave 
8  ft.  c  illumination. 

To  keep  lighting  equipment  clean  seems  to  be  enough  of  a 
problem  in  ordinary  commercial  installations,  but  it  becomes 
an  especially  serious  question  where  the  atmosphere  is  very 
heavily  dust-laden  as  in  flour  mills,  grain  elevators,  coal  mines, 
et.  cetera.  The  lighting  of  the  coal-grinding  plant  of  a  cement 
mill  presents  this  type  of  problem.  In  one  case"'  it  has  been 
solved  through  a  realization,  as  the  result  of  experiment,  that 
by  preventing  air  currents  around  the  lamp,  dust  accumulation 
can  be  prevented.  Deep-bowl  one-piece  standard  enamelled  re- 
flectors were  found  satisfactory.  An  air  pocket  of  dead  air  is 
formed  which  keeps  out  the  dust-laden  air. 

Transportation. — An  interesting  case  of  specialized  light- 
ing"* is  to  be  found  in  the  illumination  of  the  escalator  of  one 
of  the  London  tube  terminals.  Two  diffusing  glass  bowls  con- 
taining respectively  three  lOO-watt  and  three  300-watt  gas-filled 
lamps  produce  a  fairly  uniform  effect.  The  difference  in  the 
wattage   compensates    for   the   difference   in   distance   from   the 

*"///.  Eng.  (Lond.),  Oct. -Dec,  1920,  p.  293. 
^Elec.  Rev.  (U.  S.),  .Apr.  9,   1921,  p.  578. 
^Elcc.  WId.,  Apr.  2,   1921,  p.  768. 
"•///.  Etig.  (Lond.),  Oct. -Dec,  1920,  p.  270.. 
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treads  to  the  ceiling  at  the  top  and  bottom  of  the  stairs.  There 
is  also  an  emergency  series  of  three  lamps  on  a  separate  cir- 
cuit in  the  top  bowl,  to  provide  for  possible  failure  of  the  regular 
lighting.  The  bowls  are  mounted  below  a  white  surface  giving 
a  good  diffusion,  which  is  augumented  by  the  white-tiled  side 
walls. 

As  a  result^^^  of  tests  made  on  a  standard  70-ft.  (21.3  m.) 
day-coach  equipped  with  ten  center-deck  lighting  units  and  a  simi- 
lar baggage  car  with  eight  units,  the  Commission  on  Illumination 
of  the  American  Railway  Electric  Engineers  has  recommended  a 
change  from  the  50-watt  vacuum  tungsten  lamp  to  the  same 
wattage  gas-filled  lamp.  It  should  be  used,  however,  only  with 
a  deep  bowl  or  other  type  of  reflector  that  will  very  largely  cut 
off  the  direct  rays  of  light  from  the  line  of  vision  of  passengers. 
In  a  discussion  on  train  lighting  before  the  German  Illumi- 
nating Engineering  Society""  it  was  found  that  98  per  cent  of  all 
gas  lighting  in  trains  is  on  the  Pintsch  system,  while  2  per  cent  is 
acteylene.  The  standard  gas  lamps  have  an  intensity  between  20 
and  80  H.  K.  with  a  power  consumption  of  2.4  "W.  E."  per  hk. 
hour.  Electric  lighting  is  partly  through  accumulators  and  part- 
ly through  dynamos  on  the  car  axles. 

A  new  system  has  been  developed"^  for  the  lighting  of  rail- 
road engine  houses.  The  features  of  the  system  are  a  special 
type  of  reflector  and  the  method  of  mounting  these  reflectors 
in  pairs  so  that  the  beams  of  light  from  each  pair  are  crossed. 
The  units  have  a  cast  iron  body  with  a  reflector  made  of  glass 
which  has  a  surface  like  that  of  sheet  metal  which  has  been 
hammered  with  a  ball-peen  hammer.  This  produces  many  small 
reflectors  and  results  in  a  distribution  of  light  rather  than  glare. 
It  is  readily  cleaned  and  not  affected  by  smoke  from  the  engines. 
In  one  installation  the  units  are  mounted  10  ft.  (3  m.)  from  the 
floor,  and  generally  7>4  ft  (2.3  m.)  each  side  of  the  centre  of  the 
track.  The  lamps  are  lOO-watt  gas-filled  tungsten.  In  another 
case  a  13^  ft.  (4.1  m.)  height  is  used. 

Theatres. — In  connection  with  the  constantly  increasing  num- 
ber of  theatres  being  built  for  moving  pictures  there  has  been 

i3»7?;uiy.  Elcc.  ling.,  Oct.,  1920,  p.  371- 
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concurrent  progress  in  the  more  or  less  special  lighting  suitable^" 
for  such  places  of  amusement.  In  general,  three  systems  of  il- 
lumination are  provided,  direct  lighting  from  chandeliers,  gen- 
erally of  a  highly  decorative  character, — indirect  lighting, — in 
many  cases  through  coves,  and  a  colored  lighting  system  having 
three  or  four  tints.  Translucent  glass  ceiling  inserts  concealing 
lamps  of  various  colors  are  growing  in  favor. 

A  study^''^  of  illumination  conditions  in  moving  picture 
theatres  brought  out  the  result  "that  illumination  on  the  table 
plane  of  from  o.i  to  0.2  ft.  c.  may  be  used  without  interfering 
with  the  quality  of  the  projected  picture  and  further,  to  avoid 
glare  and  undue  lowering  of  the  adaptation  level  that  the  max- 
imum surface  brightness  that  may  fall  within  the  field  of  vision 
of  the  observer  should  not  exceed  2.5  to  3.0  milli-lamberts." 

In  one  of  the  newest  and  most  expensive  theatres  for  mov- 
ing picture  entertainment  the  vestibule  is  lighted  by  two  metal 
cluster  lamps  hanging  from  the  ceiling."*  The  lobby  is  illumi- 
nated by  three  large  crystal  chandeliers  and  fourteen  cluster 
bracket  lamps,  as  well  as  by  a  cove-lighting  system  running  around 
the  ceiling.  In  the  foyer,  suspended  from  a  chain,  hangs  a  mas- 
sive crystal  chandelier  fitted  with  w^hite  and  amber  lamps,  while 
four  cluster  brackets  give  added  illumination.  The  main  audi- 
torium measures  109  ft.  x  160  ft.  (33.1  m.  x  48.6  m.).  In  the 
ceiling  under  the  balcony  are  three  inverted  bowl  lamps  and  cove- 
lighting,  the  latter  being  also  used  for  the  balconies  themselves. 
The  auditoriumm  lighting  is  in  yellow,  red  and  blue,  while  that 
of  the  stage  is  the  same  with  the  addition  of  white. 

The  foyer  of  a  new-  middle  west  moving-picture  theatre,  de- 
signed after  Chapelle  of  Versailles,  is  25  ft.  (7.6  m.)  wide.  125  ft. 
(38  m.)  long  and  70  ft.  (21.3  m.)  high  and  has  its  main  lighting 
furnished"^  by  four  crystal  chandeliers,  each  equipped  with  elec- 
tric candles.  Additional  illumination  is  furnished  by  torcheres 
in  each  corner  with  cluster  candles,  and  by  sconces  of  gold-plate 
finish  bearing  shields  to  prevent  the  bare  lamps  from  being  re- 
flected in  the  mirrors.  In  the  main  auditorium  is  a  sunburst  dome 
65  ft.  in  diameter,  silver  lined  and  lighted  by  lavender-colored 

'"Mov.  Pic.  IVld.,  Apr.  30,  1021,  p.  939. 

"^Month  Abs.  Bui.  Eastman  Kodak  Co.,   Sept.,    19.20,  p.  293. 

*"Mof.  Pic.   W'ld.,  July  23,   1921,  p.  450. 
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lamps.  All  lighting  projections  and  flood-lamps  are  concealed 
behind  pastel  ornaments,  while  the  stage  has  150  spot  lamps  and 
the  orchestra  pit  15  stage  lamps.  Three  separate  means  of  il- 
lumination are  provided  for  the  theatre  as  a  whole  so  that  in 
case  of  failure  of  the  main  system,  two  others  are  available  for 
emergency  use. 

The  auditorium  of  what  is  said  to  be  the  largest  theatre  in 
the  world  is  lighted^*''  by  lamps  concealed  in  coves,  having  three 
colors  available,  canary,  red  and  blue,  and  by  chandeliers  and 
wall  clusters  largely  equipped  with  amber-colored  lamps.  A 
dome  in  the  ceiling  has  a  combination  of  cove  lighting  and  that 
from  a  large  crystal  chandelier.  Spotlights  projected  through 
the  crystals  onto  the  stage  produce  peculiar  shadow  effects.  The 
main  floor  under  the  balcony  has  panel  lighting  giving  a  skylight 
effect  through  recesses  in  the  ceiling  containing  colored  lamps 
and  concealed  by  glass.  The  stage  has  four  sources  of  light 
available,  namely,  foot-lamps,  border  lamps,  spot-lamps,  and  flood- 
lamps.  1 000- watt  floodlighting  units  are  placed  above,  behind  and 
in  the  wings  of  the  stage  and  use  colored  screens  as  desired. 
There  are  in  regular  use  more  than  17,000  lamps  of  various  sizes 
from  lo-watt  sign  lamps  up  to  the  looo-watt  units.  One  of  the 
largest  fixtures  for  indirect  illumination  ever  built  has  been  in- 
stalled^*^ in  a  middle  west  theatre.  It  is  15  ft.  (4.6  m.)  in  diameter 
and  contains  118  lamps,  the  main  bowl  carrying  one  hundred  200- 
watt  bulbs  in  reflectors,  while  the  lower  bowl  has  eighteen  60- 
watt  lamps,  the  latter  used  to  light  the  exterior  of  the  large  bowl 
and  serve  in  cases  of  emergency.  Special  arrangements  were 
provided  for  cleaning.  In  the  main  bowl,  colored  cover  glasses 
over  the  reflectors  provide  four  groups  of  25  lamps  each  of  red, 
blue,  amber  and  white.  The  proscenium  arch  of  the  theatre  is 
lighted  by  twelve  lOOO-watt  lamps. 

In  Pittsburgh  orders  have  been  issued^*^  to  theatres,  pic- 
ture houses,  hotels,  and  rooming  houses  to  install  auxiliary  gas 
lamps  at  exits  to  the  street  and  at  doors  and  windows  leading 
to  fire  escapes.  In  accordance  with  recommendations  of  the 
National  Underwriters'  bodies,  all  gas  lamps  near  fire  exits  will 
be  enclosed  in  green  instead  of  red  globes,  as  was  formerly  the 

^*^Elec.   Wld.,  Oct.    16,   192 1,  p.   777. 
^*''Elec.  News  (Can.),  Apr.   15,   1921,  p.  51. 
''■**Mov.  Pic.   Wld.,  May    14,    1921,  p.   154. 
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case.  The  change  has  been  suggested  because  red  is  looked  on 
as  a  sign  of  danger,  while  green  denotes  an  avenue  of  safety. 

A  method  of  eliminating  the  necessity  of  foot  lamps  to  il- 
luminate the  front  of  the  stage  in  theatres,  is  reported'**^  from 
Germany.  Two  large  reflectors  totally  enclosed,  with  a  lens  in 
front  of  only  15  cm.  diameter  are  placed  high  up  in  the  fore  part 
of  the  stage,  one  fixed  on  each  side.  A  dimming  arrangement 
and  various  colors  are  provided  and  the  system  is  said  to  give 
satisfactory  use  in  a  German  theatre. 

Studio  Lighting. — In  the  early  days  of  moving  pictures,  day- 
light was  the  principal  requisite  for  indoor,  as  well  as  outdoor 
photography.  But  as  the  industry  grew,  there  has  been  a  gradual 
change  until  now  artificial  light  is  used  almost  exclusively  in 
American  studios  for  all  interior  scenes.  The  light  sources  em- 
ployed range  from  **baby"  arcs,  medium  carbon  arcs,  big  arcs 
with  double  carbons,  high  intensity  impregnated  carbon  arcs, 
to  mercury  vapor  arcs  in  single  or  multiple  units.  A  device  is 
now  under  development  whereby  it  will  be  possible  to  cut  the 
intensity  of  a  big  arc  or  spot-lamp  from  full  to  zero  light  or  the 
reverse  without  changing  the  spread  of  the  beam.  Development 
work  is  also  going  on  in  the  incandescent  lamp  field. ^"*' 

The  elaborate  and  powerful  lighting  units  which  have  been 
such  factors  in  the  great  expansion  of  the  moving-picture  in- 
dustry have  been  adopted^"^  and  adapted  by  the  commercial 
photographers.  To-day  little  retouching  is  done  on  a  properly 
lighted  photograph,  as  almost  any  effect  can  be  obtained  through 
the  proper  use  of  lights. 

Sports. — Reference  has  been  made,  under  the  heading 
"Exterior  Illumination"  to  the  lighting  of  outdoor  tennis  courts. 
A  covered  lawn  tennis  court,  comprising  two  courts  side  by  side 
covering  80  ft.  by  120  ft.,  (24.3  m.  x  36.5  m.)  in  a  building  having 
a  height  from  floor  to  tie  beams  of  20  ft.  (6.1  m.)  has  been 
successfully  lighted,^'-  in  spite  of  the  fact  that  the  floor  and  walls 
are  finished  dead  black.  This  was  done  to  furnish  contrast  with 
the  white  halls.  A  direct-lighting  system  was  decided  upon  and 
500-watt  gas-filled  lamps  in  steel  reflectors  were  arranged  along 

"^Tech.  Rev.,  May   17,   1921,  p.  110. 

^^"Sci.  Atncr.,   Feb.    19,   1921,  p.  148. 

^'-^Printcr's  Ink  Monthly,  Mar.,  1921,  p.    16. 

^^-Elcc.  Rev.  (Lond.),  Nov.   12,  1920,  p.  618. 
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the  sides  of  each  court  at  a  height  of  18  ft.  (5.5  m.).  The 
maximum  ihumination  was  found  to  be  3.4  ft.  c.  and  the  minimum 
3  ft.  c,  showing  a  very  uniform  illumination.  Another  illustra- 
tion of  illumination  for  indoor  sports  is  that  of  racket  courts  in 
Montreal.^'^  The  room  is  60  ft.  (18.2  m.)  long  by  30  ft.  (9.1  m.) 
wide  and  about  30  ft.  (9.1  m.)  high,  daylight  being  admitted 
through  a  window  in  the  roof.  There  are  three  rows  of  25 
reflectors.  The  front  row  is  suspended  13  ft.  (4  m.)  from  the 
front  wall,  30  ft.  (9.1  m.)  from  the  floor,  six  equipped  with 
200-watt  and  the  rest  with  loo-watt  lamps.  The  back  row  has 
ten  200-watt  and  the  rest  loo-watt,  suspended  3  ft.  (0.91  m.) 
in  front  of  the  back  wall  and  23  ft.  (7m.)  from  the  floor.  The 
middle  row  is  35  ft.  (10.6  m.)  from  the  front  wall  and  has  the 
same  equipment  as  the  front  row.  In  addition,  there  are  two 
floodlighting  projector  units,  one  suspended  over  each  of  the 
rear  corners  of  the  court  and  23  ft.  (7  m.)  from  the  floor.  Wire 
guards  are  provided  for  all  units.  The  illumination  increases 
gradually  from  about  10  ft.  c.  in  the  front  of  the  court  to  as  high 
as  25  ft.  c.  in  the  two  rear  corners,  on  a  plane  2  ft.  6  in.  (0.76  m.) 
from  the  floor.  Shadows  are  practically  eliminated  and  a  pencil 
standing  vertically  on  the  floor  of  the  court  throws  no  perceptible 
shadow.  The  total  connected  load  gives  5.61  watts  per  sq.  ft.  of 
floor  area. 

FIXTURES. 
While  there  have  been  considerable  developments  in  globes, 
shades  and  reflectors  in  the  United  States,  similar  developments 
have  been  going  on  in  Germany,  as  is  evidenced^^''  by  the  numerous 
patents  taken  out  in  that  country.  In  considering  the  subject  of 
fixtures  it  is  natural  to  turn  to  the  Annual  Convention"^  of  the 
Lighting  Fixture  Manufacturers,  Dealers  and  Glassware  Guild. 
Apparently  there  has  been  little  change  in  the  tendency  to  use 
candelabra  effects,  with  or  without  shades,  and  the  use  of  exposed 
round-bulb  lamps  for  residential  and  hotel  fixtures.  This 
tendency  was  noted  in  last  year's  report.""  Crystals  and  prisms 
are  popular,^"  especially  in  moving-picture  theatres.  Color  and 
decorative  effects  predominate  and  many  new  finishes  for  metals 

'"'^Elcc.  News,   Dec.  i,  1920,  p.  40. 
'^^'^Elek.  Ana.,   May  11,  1921,  p.  467. 
^^'•Elec.  Merch.,   Feb.,  1921,  p.  62. 
^'•"Trans.  I.  B.  S.,   Oct.,  1920,  p.  46,?. 
^''''Elec.  Wld.,   Apr.  30,  1921,  p.  1019. 
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have  been  made  available  to  match  the  color  tones  of  individual 
rooms.  Colored-pattern  vase  effects  are  being  worked  into  the 
fixture  proper,  and  there  are  also  colored  flowers  and  drops 
attached  or  hung  here  and  there.  Sometimes  these  are  of  glass, 
sometimes  of  metal. 

The  National  Council  of  The  Lighting  Fixture  Manu- 
facturers^''** has  been  investigating  the  question  of  standardization 
of  mechanical  details  of  lighting  fixtures  and  a  system  has  been 
proposed  covering  a  complete  set  of  gauges  and  templets  for  every 
detail  of  glassware,  heels,  globe  proportions,  lamp  positions,  etc. 
Manufacturers  have  also  been  standardizing  their  products^"^  as  a 
whole  ever  since  the  war.  Many  who  made  hundreds  of  designs 
have  concentrated  on  a  few.  In  one  case  a  company  discontinued 
16,000  difference  patterns  it  had  been  manufacturing  and  is 
focusing  its  entire  attention  on  one  design.  Another  company 
has  less  than  fifty  per  cent  of  the  designs  it  had  four  or  five  years 
ago.  Still  another  company  has  cut  down  from  600  to  250 
patterns.  In  addition  to  styles  much  has  been  done  to  reduce 
the  number  of  sizes  and  to  use  as  few  as  possible  consistent  with 
the  standard  lamps  now  in  existence. 

In  line  with  the  development  of  units  which  can  be  hung 
by  the  householder,  is  a  big  advance^*^**  in  the  design  of  attachment 
plugs  and  receptacles  for  lighting  fixtures.  It  eliminates  the 
soldering  connections.  Eleven  manufacturers  have  agreed  on  a 
standardized  set  of  models  for  the  production  of  a  single  unit  for 
the  electrical  and  mechanical  connections  in  the  attaching  and 
hanging  of  both  side-wall  and  ceiling  fixtures.  A  modification 
of  this  detachable  fixture  idea,"^  has  been  suggested  for  industrial 
units  in  order  to  facilitate  cleaning  and  lamp  replacement.  An 
effort"-  is  being  made  to  get  a  more  suitable  name  than  "fixture" 
for  this  new  t3'pe  of  movable  unit.  The  standard  plug  and  re- 
ceptacle for  these  units  will  be  known  as  "elexits.""^  Under  the 
caption,  "Interior  Illumination"  will  be  found  a  description  of 
what  is  said  to  be  the  largest  indirect  lighting  fixture  ever  built. ^^* 

^^Elec.  WId.,  May  7,   1921,  p.   1074. 

^''^Elec.  Rec,  Sept.,   1920,  p.   165. 

^'^Elec.  Wld.,  July  9,   1921,  p.  91. 

"'JE/ec.  Wld.,  Apr.  9,   1921,  p.  533. 

^^Elec.  Wld.,  Apr.  23,   1921,  p.  937. 

^'^Elec.  Rev.   (U.   S.),  July  23,   1921,  p.    133. 

""Fo/>.  Mech.y  July,   J921,  p.   18. 
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Reflectors. — There  is  a  general  tendency  in  the  design  of 
store  and  office  fixtiires^"^  to  make  the  units  dust-proof  as  far  as 
the  interiors  are  concerned.  This  greatly  simplifies  the  cleaning 
problem.  Among  the  samples  of  this  type  of  lighting  fixture  is 
one  made  in  three  sizes,  11  in.,  14  in.,  and  16  in.  (28,  36,  41  m.), 
fitted  either  with  a  keyless  or  pull-chain  socket  and  with  an  orna- 
mental globe  of  pale  brown  toning,  with  classical  etching,  and  a 
bottom  rosette  and  tassel.  Another^*'*'  has  a  globe  with  a  flat  wide 
top  to  give  a  softly  diffusing  light  on  the  ceiling,  a  side  surface  in 
conical  form,  with  low  intrinsic  brilliancy,  to  light  the  walls,  an 
angular  inward  under  portion  to  help  distribute  light  over  the 
working  planes  in  a  wide  area,  and  a  convex  center  or  bull's  eye  in 
the  under  part  to  concentrate  light  on  the  working  plane.  It  is  also 
made  in  four  sizes  and  may  be  obtained  in  decorative  form  for 
home  use. 

A  feature  of  a  new  indirect  unit^**^  which  emits  only  fourteen 
per  cent  of  the  lamp  output  below  the  horizontal,  is  the  use  of 
two-inverted  bowls,  one  inside  the  other  with  different  optical 
properties,  for  the  purpose  of  producing  a  fading  spot  on  the 
ceiling.  Heretofore,  indirect  lighting  units  have  in  general 
produced  a  comparatively  narrow,  well-marked  spot.  The  new 
unit  throws  a  wide  spot  that  shades  away  with  no  marked  limit 
even  when  mounted  only  12  in.  below  the  ceiling.  The  outer 
bowl  is  translucent  and  thus  avoids  a  sharp  contrast  as  seen 
against  the  ceiling.  All  glass  surfaces  exposed  to  the  air  are 
smooth,  making  cleaning  easy.  The  space  between  the  two  bowls 
is  sealed  at  the  top  by  a  white  enamelled  diaphragm.  Another 
innovation  is  the  use  of  silk  and  similar  fine-mesh  materials, 
which  may  be  placed  around  the  inner  reflector  in  the  form  of  an 
outside  cover.  Parchment  and  silk  shades  may  also  be  used  with 
this  unit  for  home  lighting. 

Six  separate  and  distinct  designs  to  fit  conditions  required 
for  various  locations,  such  as  stores,  schools,  churches,  etc.,  may 
be  made  by  rearrangement  of  the  parts  of  a  single  lighting  unit.^®^ 
The  parts  are  made  of  heavy  solid  spun  copper  and  there  is  an 

'"'^Elcc.  Rec,  July,  1921,  p.  20. 

i^^ij/cc.  Rev.   (U.  S.),  Apr.  9,  1921,  p.  594. 

^'"Elec.  Rev.   (U.  S.),  Apr.  9,  1921,  p.  594. 

""j&'/t'c.  Merch.,   Dec,  1920,  p.  326. 
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interchangeable  titter  for  either  of  two  sizes  of  glass  or  metal 
reflector.  It  is  said  to  be  dust  and  insect-proof.  A  new  unit^®' 
planned  for  store  and  factory  lighting  has  a  focusing  arrangement 
by  means  of  which  the  lower  part  of  the  two-piece  reflector  may 
be  raised,  lowered  or  tilted,  thereby  altering  the  light  distribution 
throughout  a  considerable  range.  A  globe  designed"®  for  gas- 
filled  lamps  of  not  over  200-watt  capacity  has  a  thin  skin  of 
a  special  opal  glass  to  produce  diff^usion,  mounted  on  crystal  glass 
to  give  the  needed  rigidity  and  strength. 

More  evidence  of  the  effort  to  produce  dust-proof  units  is  to 
be  found"^  in  a  semi-indirect  commercial  lighting  reflector  which 
has  a  glass  globe  blown  in  one  piece  and  enamelled  on  the  sides 
and  bottom.  It  is  claimed  that  light  diffusion  is  obtained  equal 
to  the  best  heavy  density  glass  bowls  with  a  resultant  low  in- 
trinsic brilliancy.  Since  the  exterior  surface  is  all  smooth  glass 
dust  may  be  readily  removed.  The  lamp  can  be  taken  out  or 
replaced  without  disturbing  the  globe  itself  and  with  the  socket 
is  easily  accessible  through  the  removal  of  the  bottom  cap. 

In  spite  of  the  growing  tendency  to  develop  one-piece  dust- 
tight  globes  and  reflectors  for  stores,  factories,  offices,  et  cetera, 
the  two-piece  units  seem  to  maintain  their  popularity  and  new 
designs  continue  to  appear.^^^  In  some  the  upper  reflector  is  of 
the  inverted  shallow-bowl  type,  in  others  the  inverted  frustrum 
of  a  cone,  while  the  lower  enclosing  member  may  be  almost 
spherical,  or  acorn-shaped  or  a  combination  of  a  shallow  bowl 
with  an  inverted  bowl.  In  one  case^^^  the  lower  member  is 
merely  a  porcelain-enamelled  metal  shade  which  fits  around  the 
lamp  bulb  and  redirects  the  horizontal  light.  The  materials 
range  from  "alabaster-cased"  glass,  "radiant"  glass,  and  opaque 
glass,  to  porcelain  and  composition. 

Fixtures  of  three  different  types^^*  have  been  designed  for 
heavy  duty  under  conditions  where  gases,  vapors,  dusts,  or 
explosive  or  inflammable  materials  are  apt  to  accumulate.  They 
are  sealed  against  the  entrance  of  foreign  material  at  the  conduit 

^^Elec.  Rec,   Sept.,  1920,  p.  172. 
'""Elec.  Rec,   Nov.,  1920,  p.  512. 
"^Elec.  Rev.   (U.  S.),  Jan.  15,  1921,  p.  114. 
"^Elec.  Rec,   Feb.,  1921,  pp.  98,  99,  !oi. 
"^Elec  Merck.,   Feb.,  1921,  p.  110. 
"*Elec  Rec,   July,  192 1,  p.  20. 
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and  at  the  globe.  The  lamp  bulb  is  enclosed  in  a  vapor-proof 
globe  and  the  reflector  is  of  porcelain-enamelled  steel  not  affected 
by  fumes  or  gases.  Glass  filters  may  be  used  to  give  daylight 
values.     Arrangements  are  made  for  easy  cleaning. 

Fixtures  for  Special  Purposes. — It  is  often  a  critical  matter^^^ 
in  surgical  operations  for  the  operator  to  have  difficulty  in  seeing, 
due  to  shadows  cast  by  his  hands  or  instruments.  A  lighting 
unit  especially  designed  to  obviate  this  difficulty  has  a  gas-filled 
tungsten  lamp  placed  in  a  cylindrical  lens  cell  of  the  same  design 
as  the  lenses  of  the  usual  mariner's  lights.  The  lens  system 
projects  the  light  rays  sideways  to  a  set  of  fifty  mirrors  arranged 
as  sectors  around  the  inside  of  a  large  metal  bowl  reflector.  The 
mirrors  are  tilted  at  such  an  angle  as  to  throw  the  reflecting  beams 
downward,  thus  forming  a  concentrated  circle  of  light.  The 
area  of  this  circle  can  be  altered  by  varying  the  distance  between 
the  light  source  and  the  surface  on  which  the  rays  are  centered. 
On  board  ship,  in  order  to  concentrate  enough  light  to  illuminate 
the  compass  or  clock  without  an  excess  which  would  hamper  the 
captain's  ability  to  see,  a  special  lamp^'^®  is  made  with  a  shield  as 
small  as  possible,  and  a  bulb  run  at  half  voltage.  It  may  also  be 
used  for  a  tiller  light. 

Color  effects  in  show-window  lighting  may  be  produced^^'' 
by  a  method  which  uses  colored  gelatin  in  place  of  colored  glass 
formerly  used,  and  which  had  a  tendency  to  break  as  the  result 
of  the  heat  from  the  lamps.  A  metal  frame  v/hich  fits  over  the 
opening  of  the  reflector  supports  a  slide  which  carries  the  film, 
the  latter  being  held  in  place  by  fine  steel  meshes.  The  slide  slips 
in  the  frame,  enabling  the  color  to  be  readily  changed.  The 
gelatin  used  is  not  inflammable  and  is  claimed  to  hold  its  colors 
without  fading.  The  method  has  been  adapted  to  all-glass  show- 
window  reflectors.^^^  For  stage  lighting  a  floodlighting  unit  has 
been  worked  out  consisting^'^"  of  a  box,  40x20x8  in.,  (100x50x20 
cm.)  containing  gas-filled  tungsten  lamps  consuming  a  total  of 
3,000  watts,  which  may  be  dimmed  without  the  use  of  rheostats 
and  without  change  in  color,  remaining  white  in  full  dimming  in- 

^"""Sci.  Anter.,  Apr.  23,   1921,  p.  234. 
"'^Elec.  Merch.,  Aug.,  1920,  p.   loi. 
'^'"Signs  of  the  Times,  Sept.,   1920,  p.   18. 
""Elec.  Rec,  June,   1921,  p.  376. 
"M.  E.  C,  Mitteilungen,  Oct.,   1920, 
Tech.  Rev.,  Feb.  8,   1921,  p.   146. 
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Stead  of  turning  to  a  reddish  yellow.  The  primary  colors  are 
contained  in  the  apparatus  and  any  primary  or  intermediate  tint 
can  be  obtained  separately  dimmed.  There  are  no  lenses  or 
reflectors  and  the  unit  is  operated  at  any  angle  and  controlled  from 
any  convenient  location  by  means  of  wires.  A  novel  method  of 
producing^^"  color  effects  with  a  stereopticon  involves  the  use  of 
a  water  cell  1.25  in.  (3  cm.)  thick,  with  mica  sides,  which  is  fitted 
in  front  of  the  slide  carrier  and  connected  by  tubes  to  a  series  of 
cans  above  containing  water  of  various  colors.  A  keyboard  permits 
the  operator  to  inject  at  will  fine  streams  of  any  desired  color  into 
the  cell.  The  slide  is  changed  when  the  cell  has  received  enough 
color  to  obscure  the  image.  The  cell  is  then  drained  giving  on 
the  screen,  through  the  lens  reversal,  the  effect  of  a  rising  curtain. 

Residential. — A  new  dining-room  fixture^''^  embodies  the  idea 
of  the  old  dome  and  eliminates  some  of  its  objections.  The 
source  is  set  high  in  the  shade  so  that  direct  rays  do  not  strike 
the  eyes  of  a  person  sitting  at  the  table.  The  glass  shade  is 
slightly  conical  and  ornamented.  The  holder  supports  it  from 
the  inside.  Among  the  novelties^®-  in  reading  lamps  may  be 
mentioned  two  in  which  dolls  form  the  main  support,  the  lamp 
socket  being  in  the  head  and  fitted  with  a  silk  shade.  The 
artificial  daylight  unit  of  the  reflecting  type  devised  in  England 
has  been  adapted^^^  for  table-lamp  use. 

Highway  Lighting. — In  order  to  save  the  loss  of  light  by 
absorption  in  a  diffusing  globe,^^*  a  new  globeless  standard  has 
been  developed  for  street  lighting.  The  main  feature  of  the 
fixture  is  the  porcelain  insulator  which  is  made  flaring  and  thus 
serves  also  as  a  reflector  and  socket  holder.  It  is  designed  to  re- 
distribute downward  the  light  coming  upward  from  the  lamp. 
Glare  is  eliminated  by  using  bowl-frosted  lamps  which  can  be 
seen  only  against  the  white  porcelain  of  the  insulator  as  a  back- 
ground. 

Perhaps  the  most  striking  development  in  fixtures  for  high- 
way lighting  is  a  new  unit"^  made  double  and  fixed  so  that  it 

>*>Fo/>.  Meek.,  May,   1921,  p.  711. 
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Utilizes  the  light  from  a  single  lamp  bulb  placed  in  between,  which 
thus  illuminates  the  road  in  both  directions.  It  has  three  re- 
flectors,^^^  one  within  the  other,  somewhat  like  a  nest,  arranged 
so  that  a  very  large  part  of  the  light  ordinarily  not  useful  is 
thrown  on  the  road  surface,  the  rays  making  an  angle  of  10°  below 
the  horizontal,  giving  the  same  effect  as  an  overhead  reflector 
15  ft,  (4.6  m.)  in  diameter.  The  bracket  holding  the  reflector 
is  adjustable  in  both  vertical  and  horizontal  directions  so  that  the 
fixture  can  be  mounted  on  a  pole  close  to  the  road  or  several  feet 
back  of  it.  A  test  installation  has  been  in  operation  where  250 
c.  p.  lamps  are  used  at  a  height  of  30  ft.  (9.1  m.)  and  at  400  ft. 
to  600  ft.  (121.6  m.  to  182.4  m.)  intervals. 

Another  radical  departure^^'^  in  the  design  of  fixtures  for 
street  lighting  has  been  made  in  England.  One  unit  as  described 
consists  of  a  canopy  holding  a  clear  glass  globe  hexagonal  in 
shape  with  narrow  joints.  Under  the  roof  is  a  10  in.  special  re- 
flector in  the  center  of  which  is  a  gas-filled  tungsten  lamp.  The 
bulb  of  the  lamp  fits  with  ample  clearance  into  the  top  of  an  in- 
verted V-shaped  mirror.  The  slope  of  the  inverted  V  and  its 
nearness  to  the  bulb  can  be  adjusted.  Both  reflectors  and  mirrors 
are  made  of  glass  silvered  and  coppered.  When  the  lamp  is  in 
position  the  sides  of  the  inverted  V  face  up  and  down  the  street. 
The  lamp  gives  direct  lighting  immediately  below  the  fixture  and 
the  position  of  the  mirrors  is  such  that  they  throw  no  appreciable 
shadovi^.  The  silvered  glass  surfaces  being  flat  are  easily  kept 
clean.  Tests  on  a  fitting  designed  for  a  30  ft.  (9.1  m.)  street  and 
carrying  a  300-watt  lamp  gave  5000  to  7500  c.  p.  in  directions 
within  15°  of  the  horizontal.  The  illumination  on  the  road  at 
distances  from  20  to  90  ft.,  (6  m.  to  27.3  m.)  with  the  lamp  24  ft. 
(7.3  m.)  high  varied  between  0.3  and  0.4  ft.  c. 

A  special  feature  of  a  bracket  boulevard  standard  for  street 
lighting  using  series  incandescent  lamps  is  the  provision^®^  of  a 
small  15-watt,  60-volt  lamp  behind  a  colored  bull's  eye  in  the  post 
about  5  ft.  (1.5  m.)  from  the  ground.  If  the  main  lamp  in  the 
lantern  burns  out,  this  signal  lamp,  which  is  ordinarily  dark, 
automatically  lights  up  the  bull's  eye  to  serve  as  a  sign  of  the 
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burnout  location.  The  result  is  secured  by  taking  advantage  of 
the  characteristic  open  circuit  rise  in  voltage  of  the  20-amp. 
series  transformer  which  supplies  the  600-c.  p.  lamp. 

Special  fittings  have  been  developed^®^  for  locomotive  tenders, 
both  for  regular  and  emergency  work.  One  for  regular  work 
has  a  case  of  cast  non-corrosive  metal  with  a  hinged  door  at  the 
bottom  containing  a  plate-glass  window,  through  which  light  re- 
flected from  mirrors  inside  the  case  is  thrown  down  to  illuminate 
couplers  and  steps. 

Photographic  Studios. — A  new  reflector  is  especially  designed 
for  spread  and  spot-lighting  in  photographic  studio  work.""  It  is 
formed  of  selected  glass  accurately  bent  to  the  curves  worked  out 
to  give  the  required  eitect,  and  coated  with  successive  layers  of 
silver  protected  by  electrically  deposited  copper.  It  is  used  in 
conjunction  with  a  high-powered  gas-filled  tungsten  lamp.  An 
adjustable  standard^®^  to  hold  lamps  in  a  photographic  studio  is 
a  mechanical  duplication  of  the  human  arm  from  the  shoulder  to 
the  wrist.  A  tripod  base  carries  an  adjustable  centre  rod  from 
which  extend  two  friction- jointed  arms  supporting  two  electric 
lamps  with  their  reflectors.  Each  of  the  two  arms  has  three 
friction  disk  joints. 

Materials.— "Xht  use  of  Italian  alabaster  of  the  pure  white 
and  grey-veined  varieties  for  lighting  purposes  continues  in 
England."-  Vitreosil  has  for  some  time"-^  been  used  for  inner 
cylinders  and  globes  of  gas  lamps.  It  is  now  available  in  the  form 
of  lighting  bowls  in  which  it  is  possible  to  have  high-powered 
mantle  clusters  entirely  concealed  without  the  risk  of  fracture 
under  extreme  temperature  conditions.  Vitreosil  semi-indirect 
bowls  have  an  inner  surface  of  naturally  pearly  lustre,  giving  a 
diffusely  reflected  light. 

Concrete  has  been  used  for  some  time  as  a  material  for  street 
lamp  standards,  and  it  has  now  been  adapted"M'or  floor  lamps  to 
be  used  in  sun  porches,  sleeping  porches  or  other  places  where  the 
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weather  is  a  disturbing  element.  Such  lamps  are  equipped  with 
parchment  shades  which  are  washable  and  so  firmly  attached  that 
they  cannot  be  blown  off. 

Brackets. — The  possibility  of  multiple  movement^®^  has  been 
applied  to  various  types  of  portable  and  bracket  types  of  lamps  in 
Germany.  One  of  these  adjustable  wall  brackets^""  consists  of  a 
round  bar  fitted  in  two  brackets,  and  installed  vertically.  On  it 
slides  a  latticed  frame,  to  one  end  of  which  is  attached  an  ex- 
tension rod  which  is  provided  with  another  rod  arranged  to  be 
rotated  about  the  first  rod  as  an  axis.  To  the  second  rod  the 
lamp  and  shade  are  fastened.  A  wide  variety  of  movements  is 
thus  available.  Another  adjustable^^^  fixture  has  been  produced 
by  a  French  designer,  but  is  intended  to  be  fastened  to  the  ceiling. 
It  has  a  telescoping  arm  attached  to  a  swivel-fitting  at  the  ceiling 
and  carries  a  drop  lamp,  which  may  thus  be  moved  to  different 
heights  and  over  a  considerable  area. 

Globe-Holders. — Additional  developments  have  been  made 
in  Germany^®^  in  globe-holders,  which  eliminate  the  use  of  the  old 
three-screw  arrangement  and  which  were  referred  to  in  last  year's 
Report.  One  new  type  has  only  two  arms  made  of  spring 
material  and  holding  two  pieces  which  fit  around  the  neck  of  the 
globe.  By  pulling  out  either  arm  the  bowl  may  be  inserted  and 
the  tension  of  the  arm  will  hold  it  firmly.  Another  type  has 
three  tension  arms  supporting  a  coiled  spring  which  encircles  the 
neck  of  the  globe.  Still  another  method^^^  of  getting  avv^ay  from 
the  three  or  four-screw  method  of  holding  globes  and  reflectors 
is  through  the  use  of  two  curved  shoes  which  fit  around  the  inside 
of  the  neck  of  the  globe  and  by  surface  contact  clamp  it  to  the 
rim  of  the  holder.  The  shoes  are  forced  outward  by  turning  a 
knurled  screw,  and  being  of  the  same  material  as  the  fixture,  are 
subject  to  the  same  expansion  and,  hence,  are  free  from  unequal 
stresses  due  to  heating. 

In  order  to  replace  the  rings  ordinarily  employed  to  support 
the  bowls  of  chain  fixtures,-*^"  a  combined  hook  and  clip  has  been 
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brought  out  which  is  the  more  effective  the  heavier  the  bowl.  It 
consists  of  a  bent  lever  of  cast  brass,  the  top  part  of  which  is 
hooked  for  the  reception  of  the  chain,  while  the  other  end  fits 
against  the  inside  of  the  bowl. 

Accessories. — To  eliminate  the  shadows  of  the  chains  and 
edge  of  the  bowl  in  indirect  or  semi-indirect  units,-"^  a  shadow 
shield  has  been  designed  to  slip  over  and  cover  the  neck  and  upper 
part  of  the  bulb  of  the  lamp  used.  The  shield  is  of  white  trans- 
lucent glass.  A  special  canopy  has  been  developed  to  permit  the 
proper  adjustment  of  gas-filled  lamps  in  reflectors. -°-  It  is  fitted 
with  a  three-arm  spider  which  screws  up  and  down  on  a  center 
rod  carrying  the  suspension  hook  and  lamp-holder.  The  arms 
of  the  spider  are  slotted,  each  slot  carrying  a  roller  over  which 
passes  the  chain  supporting  the  gallery  of  the  reflector. 

The  use  of  an  anti-vibration  disk,-°^  intended  to  protect 
incandescent  lamp  filaments  from  breakage  through  shocks  has 
been  extended,  in  England,  to  ship  fittings.  The  disk  is  made  of 
two  concentric  rings  connected  together  by  strips  of  phosphor- 
bronze  gauze  cut  on  the  bias.  In  practice,  two  of  the  disks  are 
used,  rigidly  connected  together. 

Devices  to  prevent  stealing  of  incandescent  lamps  have  been 
worked  out  in  Germany.-*'^  One  employs  a  winding  of  insulating 
material  which  encircles  the  lamp  base  and  has  three  small  screws, 
which,  when  tightened  prevent  the  removal  of  the  lamp  until  they 
have  been  unscrewed.  In  tliis  country-"^  a  new  locking  device 
makes  use  of  a  coiled  spring  which  is  screwed  into  the  socket  after 
the  lower  shell  has  been  removed.  The  shell  is  then  replaced. 
The  bulb  must  be  broken  to  free  the  lamp. 

The  use  of  the  gas-filled  lamp  in  sign  lighting  has  brought 
about  considerable  breakage  in  stormy  weather,  due  to  sudden 
chilling  of  the  bulbs  by  rain  or  sun.  To  obviate  this  trouble-"^ 
sheet-metal  spoon-shaped  caps  have  been  designed  to  fit  snugly 
over  the  exposed  part  of  the  bulb  and  protect  the  hottest  spot, 
which  is  just  over  the  filament. 
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Cleaning. — The  reflector  cleans  itself-'^''  every  time  the  Hght 
is  switched  on  or  off  in  a  unit  which  has  two  wiping  blades,  one 
moving  over  the  inner  surface  of  the  reflector,  the  other  over  the 
lamp  bulb. 

Switches, — An  improvement  in  attachments  for  pendant 
switches-"^  consists  of  an  arm-like  case  which  extends  from  the 
canopy  along  the  ceiling  to  the  point  where  the  switch  cord  is 
attached.  The  case  is  made  of  zinc-plated  steel  and  has  a  rust- 
proof finish.  It  is  expected  to  make  possible  a  saving  in  wiring 
for  wall  switches.  A  pull-cord  switch  has  been  designed-"^ 
similar  to  the  ordinary  type  in  appearance  and  to  one  described  in 
last  year's  Report,  v/hich  turns  on  the  light  immediately,  but  when 
it  is  extingxiished,  interposes  a  brief  interval  after  the  cord  is 
pulled  before  the  light  disappears.  The  result  is  obtained  by  the 
use  of  a  thermostatic  device  and  enables  one  to  see  to  leave  the 
room,  for  instance,  after  the  svv^itch  has  been  operated.  The  use 
of  radium  compounds  to  make  pendant  and  wall  switches  visible 
in  the  dark,  is  increasing.-^*' 

PHOTOMETRY 
Instruments. — A  photometer,  apparently  of  the  portable  tj^pe, 
has  been  brought  out  in  Germany.-^^  The  lamp  to  be  measured 
is  placed  in  the  back  part  of  a  light-tight  cylindrical  casing  which 
is  closed  in  front  by  a  diffusing  glass  plate.  In  a  central  aperture 
of  this  plate  is  arranged  a  small  light-tight  hood  which  projects 
into  the  casing  and  contains  the  comparison  or  standard  lamp. 
Attached  to  this  hood  is  a  cylindrical  glass  body  arranged  so  that 
light  from  the  comparison  lamp  reaches  the  opposite  end,  covered 
with  a  milk-glass  plate,  directly  and  by  mviltiple  internal  reflections. 
This  surface  is  viewed  against  the  other  surface  as  a  background 
and  the  adjustment  for  brightness  made  in  any  one  of  a  number 
of  usual  methods.  Various  modifications  of  the  instrument  have 
been  suggested. 

Most  photometers  in  practical  use  to-day  have  a  white 
diffusing  screen  which  receives  light  from  the  two  sources  to  be 

^''Elec.  Wld.,  Aug.  28,   1921,  p.  456. 
^""Elec.  Rev.,  (U.  S.),  Nov.  13,  1921,  p.  781. 
2™£/ec.  Rec,  July,   1921,  p.  22. 
""'Elcc.  Rcc,  May,  1921,  p.  309. 
2"G(W  Jour.,  May  18,   192 1,  p.  383. 


REPORT  OF  COMMITTEE  ON   PROGRESS  I\)R   I92I  227 

measured.  When  working  with  very  low  intensities  or  with  a 
number  of  different  sources  between  which  discrimination  is 
desirable,  this  method  is  not  wholly  satisfactory.  It  is  rather 
remarkable  that  two  instruments  exactly  the  same  in  principle 
and  differing  only  in  detail  have  been  described  which  avoid  these 
objections  by  allowing  the  light  from  the  source  to  be  tested  to 
impinge  on  a  lens,  after  which  it  passes  through  a  photometer 
cube  to  the  eye.  The  other  part  of  the  cube  receives  light  in  a 
similar  manner  from  a  small  comparison  soyrce.  In  one  in- 
strument-^^ the  balance  is  made  by  interposing  a  graduated 
absorbing  wedge  in  the  path  of  this  light.  The  displacement  of 
the  wedge  is  observed  by  a  telescope.  In  the  other-"  a  polarizing 
device  is  employed.  It  is  claimed  that  illuminations  of  the  order 
of  4x10"^  lux  can  be  measured  and  among  the  uses  for  this 
type  of  photometer  may  be  mentioned  the  measurement  of  the 
absorption  of  light  by  the  atmosphere,  observation  of  stars, 
brightness  of  faintly  luminous  phosphorescent  substances,  et 
cetera.  It  might  be  noted  that  the  fundamental  principle  of  these 
instruments  is  not  new. 

Considerable  work  was  done  during  the  war  on  the 
measurement  and  development  of  small  incandescent  lamps  for 
signal  work,  in  order  to  produce  one  that  would  operate  as 
rapidly  as  possible.  A  new  photometer  was  shown-^*  at  the  last 
exhibition  of  physical  apparatus  of  the  London  Physical  Society, 
which  was  designed  to  measure  the  luminous  intensity  of  a  signal 
lamp  at  any  interval  of  time  after  the  current  is  turned  on  or  off. 
It  is  thus  able  to  measure  the  rate  of  incandescence  and 
nigrescence.  A  cylindrical  box  painted  white  on  its  interior  holds 
the  lamp  to  be  tested  in  its  upper  half,  and  the  comparison  lamp 
which  is  of  the  same  type  and  which  has  been  calibrated  at 
various  temperatures  with  an  ordinary  photometer,  in  its  lower 
half.  Each  lamp  illuminates  a  vertical  slit  covered  with  ground 
glass.  An  optical  system  presents  to  the  eye  of  the  observer  two 
fields,  one  above  the  other,  illuminated  by  the  respective  ground 
glasses.  A  revolving  shutter  provided  with  two  slits  rotates  in 
front  of  the  slits  previously  mentioned,  and  the  mechanism  which 
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rotates  the  shutter  carries  contacts  which  provide  current  for  the 
test  lamp  so  that  it  can  be  Hghted  or  switched  off  at  any  desired 
interval  before  the  shutters  open. 

England  has  been  the  experimental  centre  of  most  of  the 
work  on  the  whitened  cube  as  a  substitute  for  the  Ulbricht  sphere 
in  the  measurement  of  mean  spherical  candlepower.  Recently- 
additional  study  and  experiment  have  resulted-^^  in  the  establish- 
ment of  a  set  of  ratios,  covering  a  number  of  typical  spherical 
light  distributions.  These  ratios,  when  applied  to  the  candle- 
power  readings  obtained  with  the  cube  correct  them  to  true  mean 
spherical  values.  In  the  Progress  Report  for  1914  reference  was 
made  to  a  new  form  of  instrument  called  a  glarimeter,  which 
measured  the  gloss  or  degree  of  finish  of  a  sheet  of  paper  by 
means  of  its  polarizing  action  on  obliquely  reflected  light.  At 
that  time  it  was  not  put  into  general  use  because  of  some  inherent 
defects  and  the  difficulty  of  obtaining  the  optical  parts.  Im- 
provements have  now  been  made^^^  and  the  defects  remedied  by 
replacing  the  optical  system  of  the  polarimetric  part  by  a  modified 
form  of  that  used  in  the  Pickering  polarimeter. 

Reference  should  be  made  to  the  report  on  Photo-Electricity 
which  has  been  carefully  compiled  for  the  National  Research 
Council  and  published  in  April,  1921,  as  No.  10,  part  2  of  volume 
II  of  the  Bulletin. 

Accuracy.— The  subject  of  the  precision  obtainable  with 
different  types  of  photometers  has  been  a  matter  of  argument  ever 
since  accurate  work  has  been  possible.  In  connection  with  a 
study  of  heterochromatic  photometry  carried  out  several  years 
ago,  a  very  large  number  of  observations  were  made  with 
different  observers  and  two  different  types  of  instruments  which 
enable  a  comparison  and  analysis  of  the  precision  obtained.-^'''  It 
was  found  that  with  homochromatic  light,  experienced  observers 
attained  a  precision  of  approximately  0.3  per  cent  with  the 
Lummer  and  Brodhun  contrast  photometer,  but  that  for 
heterochromatic  work  the  precision  decreased  rapidly  and  except 
for  certain  observers  of  long  practice,  such  measurements  were 
not   reproducible.     For   the   flicker   photometer   the   figure   was 
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approximately  0.75  per  cent  and  was  apparently  not  dependent  on 
the  color  difference  used.  The  ratio  of  the  precision  of  the 
flicker  to  the  Lummer  and  Brodhun  photometer,  expressed  in 
terms  of  deviation  of  a  single  observer  was  approximately,  for  a 
color  match  0.5;  for  the  carbon-tungsten  color  difference,  i.o; 
and  for  the  carbon- (gas-filled)  tungsten  color  difference,  1.5. 

Some  short  cuts  and  practical  methods  have  been  worked'^^ 
out  for  the  pre-determination  of  indirect  or  semi-indirect  il- 
lumination, as  well  as  some  simplifications  in  the  calculations  for 
direct  lighting. 

PHYSICS 

Reference  was  made  in  the  Progress  Report  for  1919  to  a 
hypothesis,  according  to  which  all  chemical  reactions  are  re- 
garded as  essentially  photo-chemical  reactions  in  which  the  energ}^ 
of  radiant  heat  or  light  is  transformed  into  chemical  energy,  or 
vice  versa.  In  a  recent  contribution-^^  to  this  subject  it  has  been 
pointed  out  that  there  are  two  consequences  of  this  radiation 
hypothesis  which  should  serve  as  a  test  of  its  validity.  In  the 
first  place  it  is  necessary  that  the  reacting  substance  shall  absorb 
radiation  of  the  frequency  required  to  produce  the  activation; 
and  there  must  therefore  be  an  absorption  band  which  includes 
this  frequency.  In  the  second  place  the  total  amount  of  radiant 
energy  absorbed  must  be  sufficient  to  activate  the  required  number 
of  molecules.  Examination  of  certain  available  data  and  experi- 
ments indicated  that  neither  of  these  requirements  was  met  and 
thus  gave   evidence   against   the   hypothesis. 

Light  Sources. — A  method  has  been  worked""  out  for  obtain- 
ing radiation  having  a  spectral  distribution  like  that  of  an  ideal 
radiator  or  black  body  at  any  temperature  from  3000°K  to 
7,ooo°K.  The  Arons  chromoscope  may  be  used  for  the  experi- 
mental realization  of  such  energ}'  distributions.  Numerous 
efforts  have  been  made  to  obtain  light  from  gases  by  heating 
them.  When  spectra  were  formed  in  a  carbon-tube  furnace 
heated  to  a  high  temperature  and  containing  gases,  it  was  thought 
that  these  spectra  might  be  caused  by  the  heating  of  the  gas.  But 
evidence  has  been  produced--^  showing  the  complete  absence  of 
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emission  lines  in  mercury  vapor,  argon,  nitrogen,  and  hydrogen 
when  heated  to  3,200°  K  by  means  of  a  tungsten  filament.  No 
traces  of  a  mercury  emission  line  was  found  in  the  photograph  of 
the  spectrum  of  a  tungsten  spiral  at  3,200°  K  operating  in  mercury 
vapor  at  approximately  atmospheric  pressure  in  a  quartz  bulb. 

A  new  discovery  has  revealed  an  excitation  to  fluorescence 
of  many  substances^^^  at  temperatures  above  those  at  which 
ordinary  phosphorescence  disappears  and  fluorescence  excited  by 
light  reaches  extinction.  It  is  produced  by  contact  with  a 
hydrogen-flame,  and  this  effect  is  different  from  photo-lumin- 
escence and  is  not  of  the  nature  of  temperature  radiation.  It 
is  observed  when  there  is  actual  contact  of  certain  zones  of  a 
hydrogen  flame  with  the  material  excited.  Rapid  reduction  and 
oxidation  appear  to  be  the  essential  features.  Many  of  the  most 
striking  examples  are  in  substances  not  capable  of  being  excited 
by  light,  e.  g.,  CaO,  MgO,  ZnO,  SiOg,  exceptionally  pure  zinc 
sulphide,  calcium  sulphide,  et  cetera.  Many  strongly  photo- 
luminescent  compounds  like  calcium  tungstate  and  willemite  are 
inactive  under  flame  excitation,  while  in  others  like  sidot  blende 
flame  excitation  continues  to  temperatures  far  above  those  at 
which  photo-luminescence  ceases.  The  range  of  temperature 
through  which  the  phenomenon  occurs  is  perfectly  definite  for 
each  substance.  The  spectra,  like  those  of  the  phosphorescent 
sulphides  are  broad-banded  and  when  subjected  to  spectrophoto- 
electric  measurement,  are  found  to  consist  of  numerous  equi- 
distant, over-lapping  components. 

Properties. — At  various  times  reports  have  been  made  on 
experiments  showing  the  effect  of  temperature  on  the  transmission 
of  glasses  used  as  absorbing  screens.  An  extension  of  this  work 
to  the  effect  on  radiation  in  the  region  out  to  5/*  has  indicated^^^ 
that  to  within  ±  8  per  cent  the  variation  in  temperature  of  the 
glass  produces  no  change  in  the  transmission  of  infra-red  radia- 
tion through  the  colored  glasses  tested. 

Another  elaborate  study  has  been  made^^*  of  the  diffusion  of 
light  by  the  molecules  of  a  transparent  gas.  Experiments  were 
made  to  prove  the  diffusion  and  the  latter  measured  quantitatively 

^--Phys.  Rev.,  Apr.,  192 1,  p.  453- 
'^^'Phys.  Rev.,  Sept.,  1920,  p.  173. 
'^'^^Annales  d.  Phys.,  Jan.-Feb.,   1920,  p.  5. 
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by  the  process  of  photograi)hic  photometry.  It  was  shown  that 
the  luminous  intensity  diffused  by  a  transparent  gas  is  not  exactly 
proportional  to  the  square  of  the  refraction  and  that  it  appears 
to  depend,  as  does  also  the  degree  of  polarization,  on  the  sym- 
metry of  the  molecules. 

Color. — After  researches  carried  on  over  a  period  of  forty 
years,  a  foreign  investigator  believes^^^  he  has  solved  the  problem 
of  the  nature  of  color  upon  which  vision  is  chiefly  dependent. 
According  to  his  work  the  black  pigment  of  the  eye  is  the  seat 
of  the  transformation  of  light  into  heat.  The  heat  thus  produced 
is  perceived  as  brightness,  and  all  color  perceptions  are  brought 
about  by  the  mental  reaction  to  the  absence  of  heat  stimuli. 
Details  of  the  researches  are  to  be  published  by  the  Research  for 
the  Textile  Industries  in  Vienna. 

An  investigation  has  been  made-^^  of  one  of  the  older  color- 
notation  systems  using  a  series  of  cards  of  graded  neutral  tints 
and  also  various  colors,  and  in  which  a  color  is  defined  in  terms 
of  hue,  brightness  and  purity.  It  was  found  that  for  a  series  of 
sample  cards  comprising  nine  neutral  grays  and  three  each,  of 
red,  yellow,  green,  blue,  and  purple,  the  reflection  values  marked 
on  the  cards  agreed  very  well  with  observed  results.  It  was 
recognized  that  in  future  the  reflections  of  cards  should  form 
a  geometric  series  or  natural  scale,  in  which  the  reflection  co- 
efficient of  each  card  bears  a  constant  ratio  to  that  of  the  pre- 
ceding one.  Each  color  should  be  specified  physically  by 
spectral  reflection  curves  of  the  actual  cards,  by  monochromatic 
analysis  on  the  basis  of  an  established  standard  white  and  by  its 
constants  under  prescribed  conditions  on  a  chromoscope. 

Photoelectricity. — In  the  Progress  Report  for  1919,  reference 
was  made  to  a  study  of  the  color  sensibility  of  photo-electric 
cells.  Additional  information  on  this  subject  is  contained  in  a 
report-^^  of  experiments  on  thirty  cells,  made  up  with  all  the 
alkali  metals  and  hydrides  of  sodium,  potassium,  rhubidium,  and 
caesium.  The  color  curves  were  so  accurately  determined  that 
the  wave-lengths  of  maximum  sensitiveness  were  located  within 

^^Farben-Zeit.,   1920,  p.   50. 
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o.ooi  fi.  It  was  found  that  as  the  atomic  weight  of  the  alkali 
metal  increases,  the  maximum  sensitiveness  decreases,  and  the 
wave-length  of  maximum  sensitiveness  shifts  toward  the  red. 
Differences  were  encountered  with  glass  cells  using  neon  instead 
of  argon  gas,  and  with  cells  made  of  quartz.  The  effect  of  illu- 
minating a  potassium  cell  for  525  hours  was  to  increase  its 
sensitivity  by  about  70  per  cent,  whereas  a  potassium  hydride  cell 
remained  constant  for  1,000  hours. 

The  effect  of  electric  and  magnetic  fields  on  photoelectric 
phenomena  seems  to  have  attracted  considerable  attention  among 
physicists.  Having  shown  that  zinc  blende,  which  in  its  ordinary 
condition  is  an  insulator  and  possesses  no  metallic  properties,  will 
conduct  electricity  when  light  is  allowed  to  fall  on  it  in  the 
presence  of  a  strong  electric  field,  and  that  it  exhibits  a  very 
marked  selectivity,  cadmium  sulphide  and  mercury  sulphide  have 
been  studied^^'^  and  also  exhibit  this  property.  The  increase  of 
conductivity  in  the  long  wave-length  spectral  region  falls  on  or 
near  the  limits  of  the  optical  absorption  bands.  In  some  other 
experiments^-^  diamond  crystals  exhibited  a  photoelectric  effect 
in  strong  electric  fields  (16,000  volts/cm.)  The  result  was  also 
found  to  vary  with  the  wave-length  of  the  exciting  light.  In  the 
case-^**  of  a  photoelectric  cell  in  which  bismuth  was  the  sensitive 
element,  a  surrounding  magnetic  field  of  600  gauss  produced  a 
diminution  of  15  per  cent  in  the  photoelectric  current. 

PHYSIOLOGY 
Theory. — A  theory  of  vision  has  been  proposed^^^  which 
ascribes  visual  stimuli  to  the  activity  of  light  quanta  in  liberating 
electrons  from  the  visual  purple.  In  this  view,  color  is  appre- 
ciated in  terms  of  the  energy  of  the  stimuli;  brightness  in  terms 
of  the  concentration  or  density  of  the  stimulus.  The  theory  does 
not  involve  views  regarding  the  origin  of  the  quantum.  In  con- 
nection with  the  photoelectric  theory  of  vision  experiments  have 
led  to  the  conclusion^^^  that  neither  the  black  pigment  nor  the 
retina  as  a  whole  is  photoelectric  to  visual  light.     It  is  still  con- 

'^^Zeit.  f.  Phys.,   1920,  p.  361. 
^•'"Phys.  Zeit.,   Nov.  i,  1920,  p.  628. 
^^iPhys.  Zeit.,   Nov.  i,  1920,  p.  568. 
'^"^Phil.  Mag.,   Feb.,  1921,  p.  289. 
Nature,   Feb.  24,  192 1,  p.  827. 
-"''Phil.  Mag.,   Mar.,  192 1,  p.  347. 
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ceivable  that  the  rhodopsin  in  the  eye  is  actually  photoelectric, 
but  so  immersed  in  inactive  material  that  the  electrons  cannot 
escape. 

A  new  equation  for  the  visibility  curve  of  the  eye  has  been 
worked^^^  out  in  a  form  similar  to  that  of  the  Wien  radiation  law : 


A=I.I32X  iQ-'^X        €  \ 

in  which  A  is  the  value  of  the  ordinate  corresponding  to  any 
value  A  plotted  as  abscissae,  e  being  the  logarithmic  base.  The 
equation  was  worked  out  on  the  basis  of  a  visibility  curve  ob- 
tained in  Germany.  Luminosity  curves  of  twenty  normal  eyes, 
and  for  several  color-blind  persons,  have  been  obtained-^*  in  Japan 
and  suggest  that  the  distribution  of  luminosity  for  American 
and  Japanese  eyes  is  the  same.  The  maximum  visibility  was 
placed  at  0.55  fi. 

Under  conditions  of  large  contrasts  in  brightness  only  part  of 
the  difference  is  compensated  by  changes  in  the  diameter  of  the 
eye  pupil.  Observations  on  vision  of  various  degrees  of  fineness 
under  conditions  of  temporary  changes  in  illumination  have  in- 
dicated"'^ that  to  avoid  diminution  of  the  accuracy  of  perception, 
the  limit  of  contrast  should  be  not  more  than  i  to  5  for  fine  work ; 
I  to  8  for  mechanical  work;  i  to  10  up  to  i  to  15  for  rough 
work. 

Visual  Acuity. — It  has  been  estimated^^®  that  any  thread 
which  exists  can  be  made  ultra-microscopically  visible,  since  a 
thread  of  diameter  equal  to  one-millionth  of  the  diameter  of  the 
hydrogen  molecule  would  be  just  visible.  It  is  concluded  that 
with  commercial  microscope  objectives,  a  serviceable  image  of  a 
thread  of  0.04  /x.  in  diameter  may  be  obtained.  Experiments  to 
determine  the  difference,  if  any,  between  monocular  and 
binocular  sensibility  as  shown  by  the  least  perceptible  brightness 
and  the  least  perceptible  difference  in  brightness  indicated, -^^  for 
a  single  observer,  a  greater  sensibility  for  the  binocular 
observations. 

^^Zeit.  f.  Belexich.,  Dec,   1920,  p.   150. 
^^^Phys.  Math.  Soc,  Japan,  Sept.,   1920,  p.   177. 
*3*D.  Opt.  Worchenschr.,  No.  8,   1920,  p.   129. 

Phys.  Ber.,   May   i,    1921,  p.  538. 
^^Proc.  K.  Akad.  Amsterdam,   1921,  p.  705. 
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A  study  has  been  made^^^  of  visual  acuity  under  very  weak 
illuminations,  such  as  those  found  at  night  and  in  twilight.  The 
illumination  at  Groningen,  The  Netherlands,  on  a  cloudless  night 
in  March  or  April,  has  been  given  as  roughly  0.0003  "^-  c.  With 
an  illumination  of  this  order  of  magnitude,  the  minimum  vision 
as  determined  by  the  perception  curves  of  Roelofs  and  Zeeman 
was  ^/^o  to  ^/so  that  obtained  by  clinically  employed  methods. 
Visual  acuity  appeared  to  depend  on  illumination,  but  large 
changes  in  illumination  were  accompanied  by  relatively  small 
changes  in  visual  acuity.  Only  a  very  small  acuity  is  necessary 
to  allow  a  free  movement  in  twilight  surroundings.  Other  ex- 
periments-^^ to  determine  ability  to  see  in  twilight  illumination 
indicated  that  visual  acuity  in  daylight  does  not  correlate 
significantly  with  light  sensibility  at  any  adaptation  time,  but  does 
correlate  moderately  with  visual  acuity  in  a  dim  light. 

An  investigation  of  the  effect  of  storms  on  visibility  has  led 
to  the  conclusions-'^^  that  the  obscuring  power  of  a  storm  is 
directly  proportional  to  the  number  of  drops  falling  per  second  on 
a  unit  area  and  in  no  way  depends  on  their  size.  It  is  also  pro- 
portional to  the  coefficient  of  viscosity  of  the  medium  in  which 
the  drops  fall  and  is  inversely  proportional  to  the  acceleration  due 
to  gravity. 

Experiments  on  retinal  color  vision  by  the  fovea  and  peri- 
pheral regions  of  the  eye  indicate  results^^^  contrary  to  pre- 
viously accepted  views.  It  was  found  that  "In  the  great  majority 
of  cases  any  color  that  can  be  seen  at  the  fovea  can  be  seen  also 
at  the  periphery  of  the  retina,  although  for  a  shorter  time  at  the 
periphery.  Some  people,  who  appear  to  be  hopelessly  blind  for 
certain  colors  at  the  fovea,  can  be  made  to  see  them  in  the  same 
way  that  normal  persons  can  be  made  to  see  chromas  at  the 
peripheral  retina."  Among  the  various  factors^^^  which  appear 
to  affect  the  chromatic  response  of  the  retina  are  the  brightness  of 
the  pre-exposure  and  of  the  field  surrounding  the  stimulus.  The 
effect  of  these  two  factors  has  been  studied  using  a  rotary  campi- 
nieter   and   standard   color  papers   of   the   Hering   series.     The 

^'■'■"Am.  Jour,  of  Opthal.,  Oct.,   1920,  p.   770. 
^•'"jBr.  Jour,  of  Psych.,  Apr.,   1921,  p.  289. 
"''"Nature,  Nov.   11,   1920,  p.  343. 
^*^Am.  Jour,  of  P.hys.  Optics,  July,   J921,  p.  304. 
"''''■Psych.  Rev.,   Sept.,    1920,  p.   377. 
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widest  angular  limits  of  the  color  zones  were  obtained  when  the 
preexposure  and  surrounding  field  were  of  the  same  brightness 
as  the  color.  It  was  decided  that  reproducible  results  cannot  be 
hoped  for  in  perimetric  or  campimetric  determinations  of  the 
sensitivity  of  the  peripheral  retina  unless  the  effects  of  the  above 
two  factors  are  eliminated  by  making  the  brightness  in  each  case 
the  same  as  that  of  the  color  employed,  and  working  under  con- 
stant illumination. 

As  a  result  of  experiments  in  connection  with  observations 
on  stars  it  has  been  concluded-*^  that  "The  outer  is  more  sensitive 
than  the  inner  side  of  the  retina  for  red  or  green  light.  This 
also  holds  for  the  average  star.  With  green  light  the  lower  part 
is  more  sensitive  than  the  upper :  with  red  light  and  with  the 
average  star  the  reverse  holds.  With  red  light  direct  vision  is 
more  sensitive  than  averted,  though  with  white  stars,  averted 
vision  gives  more  sensitiveness.  The  advantage  disappears  as  the 
star  becomes  red.  With  red  light,  the  greatest  sensitiveness  is 
found  in  the  upper  and  outer  quadrants  of  the  retina  between  1° 
and  3°  from  the  centre." 

Color. — A  statistical  survey  of  the  color  vision  of  1,000 
students  comprising  835  men  and  165  women  was  made  in  Eng- 
land.-*^ The  test  object  was  a  piece  of  card  board  measuring 
1.5  X  0.5  in.  (42  X  15  mm.)  which  had  on  it  a  series  of  pairs  of 
circular  spots  i  mm.  in  diameter  and  colored  with  black,  red,  green 
and  blue  inks.  It  was  placed  under  a  microscope  with  a  magnifying 
power  of  about  25  and  the  observers'  color  vision  was  measured 
by  the  distance  out  of  focus  at  which  he  could  just  distinguish 
the  different  colors.  The  results  were  plotted  in  the  form  of 
frequency  curves,  such  as  those  used  by  statisticians.  Rejecting 
the  observations  of  14  red-green  color-blind  men,  all  the  dis- 
tributions were  found  to  be  "homogeneous,  as  variations  about  a 
mean;  all  the  blue-green  color-blindness  and  a  part  of  the  red- 
green  color-blindness  was  thus  an  outlying  part  of  a  homogenous 
distribution." 

The  question  has  often  been  raised  whether  different  colors 
and  intensities  of  illumination  (aside  from  the  obvious  importance 
of  these  factors  in  conditioning  the  effective  functioning  of  the 

*''Proc.  Roy.  Astron.  Soc.  of  Canada,  Feb.,  192 1,  p.  84. 
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visual  apparatus)  have  any  specific  influence  upon  mental  or 
motor  efficiency.  An  investigation-''^  on  this  subject  led  to  the  con- 
clusion that  it  is  not  suitable  for  laboratory  experimentation,  but 
should  be  handled  by  a  "group  test."  The  work  done  indicated 
no  difference  in  the  hues  in  their  effect  on  mental  and  physical 
activity.  Certain  results  suggested  a  slowing  of  mental  work 
under  dim  light  and  a  stimulation  under  bright  light.  A  spectro- 
meter has  been  devised^**'  for  testing  color  blindness,  which  en- 
ables the  exact  size  of  the  portions  of  the  spectrum  that  appear 
monochromatic  to  be  determined,  and  also  the  limits  of  vision  at 
each  end  of  the  spectrum. 

Eye  Strain. — A  committee  composed  of  representatives  of 
the  Council  of  British  Ophthalmologists,  the  Cinema  Industry, 
the  British  I.  E.  S.,  the  London  County  Committee,  and  the 
Physiological  Society  have  studied-*''  the  subject  of  the  cause  of 
eye-strain  at  moving-picture  shows,  and  the  means  of  preventing 
it.  As  a  result  of  a  year's  work  they  have  made  the  following 
recommendations : 

(i)  That  the  angle  of  elevation  subtended,  at  the  eye  of  any  person 
seated  in  the  front  row,  by  the  length  o£  the  vertical  line  dropped  from 
the  center  of  the  top  edge  of  the  picture  to  the  horizontal  plane  passing 
through  the  observer's  eye  shall  not  exceed  35°,  the  height  of  the  eye  above 
the  floor-level  being  assumed  to  be  3  ft.  6  in.   (i.i  m.) 

(2)  That  provided  Recommendation  (i)  is  complied  -with,  the  angle 
between  the  vertical  plane  containing  the  upper  edge  of  the  picture,  and  the 
vertical  plane  containing  the  observer's  eye  and  the  remote  end  of  the 
upper  edge  of  the  picture  should  not  be  less  than  25°. 
While  the  subjects  of  flicker,  film  and  mechanical  defects,  and 
brightness  of  screen,  as  well  as  conditions  of  artificial  illumination 
in  theatres,  were  investigated  no  recommendations  were  made. 

Bibliography. — Attention  should  be  called  to  a  review^*®  and 
summary  of  progress  in  visual  science  in  1919,  which  has  a 
valuable  bibliography  in  this  field  of  work. 

ILLUMINATION  ENGINEERING 
Daylight  Saving. — In  St.  Louis  and  suburbs^'*®  daylight  sav- 
ing was  defeated  for  192 1.     In  the  Dominion  House  of  Com- 

'^'^Amer.  Jour,  of  Psych.,  July,   1921,  p.  326. 
'■^'^Soc.  Arts  Jour.,  Dec.   10,   1920,  p.  40. 
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'■"'*Am.  Jour,  of  Phys.  Optics,  July,   1921,  p.  232. 
'^"Mov.  Pic.  Wld.,  May  7,  1921,  p.  48. 
Elec.  Wld.,  Dec.   11,  p.   1181. 
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mons"°  (Canada)  on  April  11  it  was  stated  that  the  Government 
would  not  introduce  legislation  to  establish  "daylight-saving" 
time.  The  committee  in  Congress-^^  having  jurisdiction  over 
daylight  saving  bills  decided  the  subject  was  not  to  be  brought  up 
for  consideration,  although  three  bills  had  been  introduced,  thus 
ending  any  possibility  of  making  it  national  this  year.  In  spite 
of  the  above  evidence  of  objection  to  daylight  saving,  New  York 
City  has  again  adopted-^-  it  as  the  result  of  local  option  contained 
in  a  State  Law,  repealing  state- wide  action.  Pennsylvania  will 
not  have  the  clocks  turned  back.  New  Hampshire,  Connecticut, 
Massachusetts,  and  Rhode  Island  have  all  adopted  the  daylight 
saving  schedule. 

Skylight. — By  combining  with  the  Angstrom  pyranometer-^' 
a  recording  device  consisting  of  a  lamp,  galvanometer  and  a  rotat- 
ing photographic  film,  upon  which  the  deflections  are  traced, 
continuous  records  have  been  obtained  of  sky  brightness.  For 
more  than  ten  years  such  measurements  have  been  made  at  Wash- 
ington with  the  pyrheliometer.  The  above  instrument  checks 
very  well  with  results  obtained  by  the  latter.  The  relative  in- 
tensity throughout  the  visible  spectrum  of  light  from  the  zenith 
and  various  parts  of  the  sky  at  different  times  of  day  from 
dawn  onwards  and  under  various  atmospheric  conditions,  cloudy, 
misty  and  dull  has  been  measured-^*  at  Sestola,  1,090  m.  (0.63  mi.) 
above  sea  level,  by  a  spectrophotometer,  using  an  acetylene  flame 
as  a  standard.  The  light  was  found  to  be  selective  having  a  decided 
preponderance  of  blue.  It  appeared  that  a  pronounced  reduction 
in  the  extreme  violet  was  associated  with  the  condensation  of 
aqueous  vapor.  By  making  photographic  exposures  under 
colored  filters  selected  to  isolate  various  parts  of  the  spectrum 
information"'  has  been  obtained  as  to  the  chromatic  character  of 
the  light  from  the  night  sky.  It  was  concluded  that  the  night  sky 
was  much  yellower  or  less  blue  than  the  (clear)  day  sky.  Com- 
parison with  direct  sunlight  or  moonlight  showed  that  the  night 

^Elec.  Rev.,  (U.  S.),  Apr.   15.   1921,  p.  487- 
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sky  was  of  the  same  color  quality  as  these.  The  conclusions 
favor  that  theory  which  regards  the  general  light  of  the  sky  as 
an  extention  of  the  zodiacal  light  and  not  due  to  the  scattering  of 
sunlight  by  rarefied  gas  situated  beyond  the  earth's  shadow. 

Data  have  been  obtained^""  on  the  spectral  transmission  of 
the  atmosphere  for  three  types  of  weather  conditions — (i)  clear 
and  cold,  (2)  over  cast  with  high  humidity,  (3)  rainy.  Light 
from  an  incandecent  lamp  was  reflected  by  a  mirror  600  m.  (0.4 
mi.)  distant  and  the  intensity  of  this  reflected  light  was  compared 
by  means  of  a  spectrophotometer  which  the  intensity  of  a  beam 
directly  from  the  lamp.  The  "clear  and  cold"  condition  gave 
slight  evidence  of  selective  absorption  in  the  visible  spectrum. 
The  other  two  conditions  gave  a  decrease  in  transmission  for 
wave-lengths  less  than  0.54  [x.  In  the  rest  of  the  visible  spectrum, 
the  overcast  and  high  humidity  atmosphere  gave  curves  having 
two  maxima  and  a  minimum,  which  are  entirely  lacking  in  curves 
for  rainy  weather.  In  all  cases  there  appeared  to  be  a  reduction 
in  transmission  as  wave-lengths  increase  above  or  decrease  below 
certain  values,  the  maximum  of  relative  transmission  falling  with- 
in the  range  of  vision. 

Having  found  that  within  the  errors  of  measurement  the 
energy  distribution  in  the  spectrum  of  fixed  stars  agrees  with  that 
of  a  black  body,  a  foreign  experimenter  has  worked-"  out  a 
method  of  determining  the  color,  brightness  and  diameter  of  these 
stars.  Since  it  was  not  possible  to  bring  an  experimental  black 
body  to  the  temperature  necessary,  recourse  was  had  to  a  wedge- 
shaped  red-glass  filter.  The  comparison  lamp  was  an  incandescent 
lamp,  the  light  from  which  could  be  varied  by  the  use  of  crossed 
nicols.  Calculation  gave  the  temperature  and  the  brightness  and 
from  these  and  the  parallax,  the  star  diameter. 

Artificial  Daylight. — The  artificial  daylight  unit  brought  out 
in  England  a  year  ago  has  been  further  improved. -^^  The 
difficulty  of  obtaining  a  medium  with  which  to  mix  the  pigments 
employed  is  said  to  have  been  met  by  a  dye  chemist.  As  a  result  of 
his  discovery  the  pigments  dried  with  a  matt  surface,  the  color  be- 
ing nearer  the  hue  of  the  virgin  powder  than  had  been  obtained  by 

"'i'ct.  Paper,  No.   389,   B.  of   Stds.,  July  21,    1920. 
^''Phys.  Ber.,  Feb.    i,   1921,  p.   161. 

Publ.  Astrophys.   Obs.,   Potsdam,   No.   76,    1920. 
-'■'''///.  U.ny.  (L,ond.),  Jan.,   192T,  p.   12. 


REPORT  OF  COMMITTEE  ON  PROGRESS  FOR  I92I       239 

any  previously  used  mixture,  and  the  medium  having  dried  was 
unefFected  by  heat,  not  subject  to  change  by  oxidation  and  could 
be  cleaned  by  light  si)onging. 

Additional  experiments'^^"  on  a  Japanese  firefly  have  led  to 
the  conclusion  that  as  in  other  cases  the  production  of  light  is  the 
result  of  oxidation.  Two  marine  fishes^""  found  in  the  Banda 
Islands  of  the  Dutch  East  Indian  Archipelago,  and  which  for 
some  years  have  been  known  to  be  luminous,  have  been  studied 
and  their  light  found  to  be  that  characteristic  of  luminous  bacteria. 
It  continues  night  and  day  without  ceasing  and  quite  inde- 
pendently of  stimulation.  The  light  is  extinguished  without  a 
preliminary  flash  by  fresh  water  and  other  bacteriolytic  agents. 
The  light  ceases  very  quickly  in  the  absence  of  oxygen  but 
luciferin  and  lucif erase  cannot  be  demonstrated. 

A  German  chemist  has  devised^^^  a  mathematical  method  of 
defining  dye  tints.  It  employs  three  figures,  one  representing  the 
nearest  color  in  an  arbitrary  color-circle  divided  into  lOO  tones, 
and  containing  the  "pure  color  tones  and  also  the  purple  color 
tones,"  the  second  giving  the  content  of  white  and  the  third  the 
per  cent  of  black.  It  is  claimed  that  every  imaginable  mixture 
of  black  and  white  with  the  pure  color  tone  from  the  clearest 
purple  to  the  dirtiest  brown  can  be  represented  by  this  three- 
number  designation.  A  colorimeter  has  been  worked^^-  out  to 
study  white  pigments.  It  consists  of  a  circular  disk  whose  sur- 
face is  covered  with  the  material  under  observation  and  above 
which  is  another  disk  whose  lower  surface  is  covered  with  the 
same  material.  A  non-selective  mirror  and  a  photometer  cube 
bring  both  the  incident  light  and  the  multiple  reflected  light  from 
the  two  disks  together  in  the  field  of  the  eye-piece.  By  suc- 
cessively placing  in  the  eye-piece,  color  screens  of  wave-length 
0.46  fji,  0.55  fi  and  0.62  /i,  and  varying  the  intensity  of  incident 
light  until  photometric  balances  are  established  numerical  values 
of  the  brightness  of  the  above  colors  are  obtained  and  are  given 
as  the  color  characteristics.  Experiments  with  the  instrument 
showed  that  the  addition  of  a  trace  of  lamp  black,  while  reducing 

*^Am.  Jour,  of  Phys.,  Aug.   i,   1920,  p.   137. 
^'''Science,  Apr.   i,   192 1,  p.  315. 
"'i"c».  Am.  Mo.,  Mar.,   1921,  p.  231. 
^"^Proc.  Am.  Soc.   Testing  Materials,   1920,  p.  440. 
Chem.  Abs.,  May   10,    1921,  p.    1408. 
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the  brightness  of  all  colors  affects  the  red  and  green  more  than 
the  blue,  and  the  paint  appears  less  yellowish  and  may  be  made 
almost  non-selective.  Measurements  on  a  zinc  oxide  paint  after 
the  addition  of  lamp  black  showed  a  decrease  in  brightness  of 
3.5  per  cent  and  an  increase  in  hiding  power  of  17.5  per  cent. 
These  data  should  be  of  value  in  the  preparation  of  white  paints 
for  Ulbricht  spheres  used  in  photometry. 

An  investigation^"^  with  observations  covering  a  period  of 
nine  months  has  been  made  of  the  falling-off  in  brightness  of  a 
number  of  luminescent  paints  of  the  type  used  for  illuminated 
watch  dials,  compasses,  switch  pendants,  et  cetera.  The  results 
showed  that  the  intensity  variation  obeyed  Rutherford's  law  very 
well,  and  the  falling-off  in  brightness  of  such  paints  with  different 
radium  or  radium-thorium  content  was  calculated  for  a  period  of 
five  years. 

Measurements  have  been  made^*'*  of  the  reflecting  and  diffus- 
ing power  of  a  number  of  materials  used  to  coat  the  projection 
screens  of  moving  pictures  theatres.  The  data  have  been  pre- 
sented in  tables  so  that  it  is  possible  to  find  for  a  particular  case 
the  ratio  of  the  brightness  of  the  screen  as  observed  by  a  person 
in  the  centre  of  the  auditorium,  to  that  of  the  brightness  as  ob- 
served by  a  person  occupying  a  seat  at  the  side  and  near  the  front, 
and  also  what  screen  surface  will  give  the  highest  average  re- 
flecting power  within  a  required  angle. 

In  connection  with  the  study  of  optical  glass-*^^  the  Bureau 
of  Standards  has  investigated  the  dimensional  changes  of  thirty- 
two  different  kinds  of  glass  in  the  temperature  regions  between 
20°  C.  and  650°  C.  The  results  show  that  glass  passes  through 
a  critical  expansion  region  in  which  the  expansion  rate  increases 
by  two  to  seven  times.  This  critical  region  which  for  any  one 
glass  does  not  exceed  40°  C.  was  found  as  low  as  400°  C.  with 
some  samples  and  as  high  as  575°  C.  with  others.  About  75°  C. 
above  the  critical  region  the  glass  softens  and  contracts.  The 
heat  absorption  observed  by  other  experimenters  occurs  in  the 
same  temperature  region  as  the  critical  change  in  the  expansion. 

'^'^'■'/.cit.  f.   tech.  Physik,   No.   s,    1920. 

Tech.  Rev.,  July  20,   1920. 
^^Trans.  of  Soc.  of  Mot.  Pic.  Engs.,  Oct.,  1920,  p.  59. 
'■'^^Sci.  Paper,  No.  393,  B.  of  Stds.,   1920. 
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The  investigation  has  furnished  the  following  information:  the 
thermal  expansion  above  and  below  the  critical  temperature ;  the 
temperature  for  most  careful  and  thorough  annealing;  the  upper 
limit  for  rapid  annealing  and  the  region  where  careful  cooling  is 
essential.  A  new  glass  has  been  developed-'^"  especially  to  provide 
greater  diffusing  power  when  used  in  the  side  walls  and  roofs  of 
factory  buildings,  and  thus  help  to  conserve  daylight.  It  is  a 
wire-glass,  every  square  inch  of  which  has  900  prisms  that  appear 
like  corrugations  and  have  been  scientifically  designed  in  shape 
and  size  to  give  high  diffusion. 

Some  years  ago  the  discoloration  of  glass  globes  used  for 
street  lighting  was  shown  to  be  due  to  ultra-violet  radiation.  A 
glass  has  been  developed  that-''^  is  said  to  be  immune  and  spectro- 
photometric  tests  made  after  four  hundred  hours  exposure  showed 
no  trace  of  discoloration.  An  old  globe  was  cut  in  two,  and 
one-half  joined  with  a  half  made  from  the  new  glass.  An 
87-watt  quartz  mercury  arc  was  so  placed  inside  this  composite 
globe  that  the  two  halves  received  equal  exposure.  A  small 
piece  of  tin  foil  was  put  on  the  inside  of  each  half  to  give  pro- 
tected spots  to  be  used  for  comparison  purposes.  The  absorp- 
tion was  found  to  be  relatively  greater  for  the  region  of 
0.51  (J.  to  0.57  /t  than  for  any  other  part  of  the  spectrum.  After 
four  hundred  hours  the  transmission  at  .0.53/1  was  82.7  per  cent 
of  that  of  the  unexposed  part,  having  dropped  from  89  per  cent. 
Calculation  showed  that  the  discoloration  of  the  old  globe  after 
four  hundred  hours  was  produced  by  approximately  4.5  joules 
of  ultra-violet  energy  per  square  centimeter  of  glass  surface. 
Another  comparison  has  been  made-®^  of  the  relative  value  of  sun- 
light and  the  mercury  arc  in  testing  the  resistance  of  fabrics  to 
deterioration  by  ultra-violet  light.  The  results  on  some  samples 
of  Japanese  silk  showed  that  two  hours'  exposure  to  the  mercury 
lamp  produced  a  greater  effect  than  fifteen  days'  exposure  to 
sunlight,  or  say  fifty  hours  of  continuous  sunlight. 

Photography. — A  new  method  has  been  discovered-"*  where- 
by it  is  possible  to  take  photographs  of  "solids  in  space,"  i.  e., 

^"Sci.  Amer.,  Apr.   30,    1921,  p.   352. 

^'^Phys.   Rev.,  Mar.,    1921,   p.   408. 

*^Bull.  de  la  Soc.  d'Encourage  p.  L'Indus.  S'at.,  Mar.-Apr.,   1920. 

Tech.  Rev.,  Oct.    19,    192 1,  p.  70- 
"'Sci.  Amer.  Mo.,  Mar.,   7921,  p.  259. 
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photographs  which  indicate  three  dimensions  instead  of  two,  in 
the  manner  of  a  rehef  map  or  of  an  image  in  a  stereoscope. 
Every  year  sees  a  report  of  an  apparatus  which  will  take  more 
photographs  per  second  than  any  instrument  previously  made. 
The  latest^^"  makes  use  of  a  revolving  prism  system  ground  out 
of  a  single  ring  or  plate  of  glass,  in  place  of  the  previous  elaborate 
framing  shutter  and  intermittent  film-movement  mechanism.  It  is 
claimed  that  over  200,000  photographs  per  minute  can  be  taken 
by  this  new  instrument. 

Experiments  have  been  made-^^  to  determine  for  monochro- 
matic light  the  relation  between  the  blackening  of  photographic 
plates,  the  luminous  intensity  and  the  time.  Three  emulsions, 
— a  slow  one  (Seed  23),  a  rapid  one  (Seed  27  x)  and  a  very  rapid 
one,  (Seed  Graflex) — were  coated  on  plate  glass  and  illuminated 
for  various  lengths  of  time  with  various  intensities  of  monochro- 
matic light  of  wave-lengths,  0.45  /x  0.55  /x  and  0.65  fx.  The  ex- 
ponent "tp"  in  the  expression  I  tp  =  constant  for  equal  blackening 
was  shown  to  vary  from  0.7  to  1.95,  according  to  the  emulsion, 
wave-length  and  intensity.  It  has  been  discovered^'^-  that  an 
ordinary  plate  can  be  made  panchromatic  by  a  bath  in  sodium 
bisulphite  followed  by  a  lengthy  washing.  The  sensitiveness  may 
be  carried  v/ell  into  the  infra-red.  Further  experimentation  is 
being  carried  on. 

Data  have  been  obtained^^^  from  experiments  which  give  in- 
formation necessary  to  construct  color  filters  for  use  in  photo- 
graphy. The  filters  are  of  the  ordinary  type  consisting  of  two 
glass  plates  flowed  with  a  colored  gelatin  and  when  dry  cemented 
together  with  balsam.  Absorption  spectra  limits  have  been  ob- 
tained for  a  number  of  such  filters  when  the  light  source  is  a 
blue-bulb  gas-filled  tungsten  lamp. 

Legislation. — After  meetings  held  in  various  parts  of  the 
state  during  the  year,  and  from  hearings  and  information  con- 
tained in  over  5,000  communications,  the  Industrial  Board  of  the 
Department  of  Labor  and  Industry  of  Pennsylvania  has  drafted 
a  code^^*  of  rules  covering  head  and  eye  protection.     In  the  case 

'^''"Sci.  Amer.,  Apr.  9,  1921,  p.  288. 

'^^Phys.  Rev.,  Feb.,   1921,  p.    135. 

'^''^Phot.  Jour.,  Dec,   1920,  p.  460. 

'■'''■Phys.  Rev.,  Feb.,   1921,  p.  246. 

"'Tentative  Draft  of  Code  presented  Aug.  26,   1920. 
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of  glasses  to  protect  against  harmful  radiation,  it  is  provided  that 
"lenses  on  helmet  windows  shall  transmit  not  more  than  0.081  per 
cent  of  radiant  energ}'  of  any  wave-length  less  than  406  mm.  and 
not  more  tlian  i  per  cent  of  the  total  radiant  energy  from  a  200- 
watt,  iio-volt  lamp,  operating  as  commercially  rated  (approxi- 
mately 0.88  watt  per  spherical  candle.)" 

A  school  lighting  code  based  on  that  of  the  Illuminating 
Engineering  Society  has  been  drafted-^'  by  the  Industrial  Com- 
mission of  Wisconsin.  It  is  designed  to  be  more  definite  than  the 
Society  code  with  respect  to  requirements  for  natural  daylight 
illumination  and  with  respect  to  the  glare  and  distribution  of 
artificial  light.  Minimum  permissable  illumination  values  speci- 
fied range  from  0.5  ft.  c.  for  storage  spaces,  i  ft.  c.  for  stairways 
and  corridors,  2.5  ft.  c.  for  assembly  rooms,  to  5  for  laboratories, 
class  and  study  rooms  and  8  for  sewing,  drawing  and  drafting 
rooms. 

The  new  automobile  headlight  law  passed^^®  in  Ohio  and 
made  efifective  Aug.  15,  1921,  makes  it  illegal  to  use  a  head-lamp 
not  equipped  with  a  device  to  prevent  glare.  Such  devices  must 
be  approved  by  the  Highway  Commissioner.  On  the  same  day 
the  new  Massachusetts  rule^  went  into  eflfect. 

Societies. — The  International  Commission  on  Illumination, 
which  was  founded  in  191 3  to  continue  and  extend  the  work  of 
the  International  Photometric  Commission,  met-^^  this  year  in 
Paris  in  the  early  part  of  July.  Representatives  were  present 
from  the  United  States,  Great  Britain,  France,  Belgium,  Spain, 
Italy,  and  Switzerland.  Numerous  reports  were  presented  at  the 
five  technical  sessions.  Definitions  of  three  quantities  and  their 
units  were  decided  upon,  namely,  luminous  flux,  luminous  in- 
tensity and  illumination.  To  elaborate  on  these  units  and  to  study 
and  present  proposals  for  extending  the  list  to  cover  the  whole 
subject  of  photometric  nomenclature  and  standards,  an  Inter- 
national Committee  was  appointed  to  make  a  report  at  the  next 
meeting.  Three  other  similar  committees  were  formed  to  cover 
the  subjects  of  illumination  in  factories  and  schools,  heterochro- 
matic  photometry  and  automobile  head-lamps.     Full  details  will 

"^Elcc.  Rev.,  Nov.   13,   1920,  p.  752. 
^^Cleveland  Plain  Dealer,  Aug.    lo,   1921,  p.  6. 
^'Elcc.  li'ld.,  June   18,   1921,  p.    1449. 
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be  found  in  the  report  to  be  presented  to  this  Society.  The 
National  Illumination  Committee  of  Great  Britain  has  been  work- 
ing during  the  past  year  on  proposals  which  were  presented^"  at 
the  meeting  of  the  International  Commission  in  Paris.  Arrange- 
ments have  been  made  with  the  Gas  Referees  for  the  transfer  to 
the  National  Physical  Laboratory  for  safe  keeping  and  ease  of 
reference,  of  the  specifications  and  drawings  covering  the  con- 
struction and  method  of  use  of  the  standard  Vernon  Harcourt 
pentane  lamp. 

The  British  Departmental  (Home  Office)  Commission  on 
Lighting  of  Factories  and  Workshops,  whose  work  was  tempo- 
rarily stopped  during  the  war,  has  resumed  its  investigations.^'^® 
At  present  inquiries  will  be  restricted  to  determining :  ( i )  The 
conditions  necessary  to  secure  suitable  lighting  in  factories  and 
workshops;  (2)  the  effects  of  mixed  natural  and  artificial 
lighting  with  special  reference  to  the  lighting  of  underground 
workrooms. 

In  order  to  teach  the  proper  and  most  efficient  use  of  il- 
lumination, the  National  Electric  Light  Association  has  instituted 
a  lighting  department"'^*'  whose  function  shall  be  to  promote  the 
installation  of  lighting  demonstrations  for  the  purpose  of  educat- 
ing the  public,  manufacturers,  merchants,  and  all  others  interested 
in  illumination. 

A  new  German  Illuminating  Engineering  vSociety,  called  the 
"Lichttechnische  Gesellschaft"  has  been  formed"^^  at  Karlsruhe 
where  the  Technical  High  School  possesses  an  institute  for 
technical  illumination.  It  is  said  that  it  will  be  patterned  after 
the  United  States  and  British  societies  and  recruit  its  members 
from  the  ranks  of  gas,  electrical  and  other  engineers,  architects, 
medical  men,  official  departments,  et  cetera.  In  line  with  the 
presentation  to  the  public  of  the  principles  and  practice  of  Il- 
luminating Engineering,  through  the  Baltimore  and  Philadelphia 
lecture  courses,  the  original  German  Illuminating  Engineering 

^'^Gas  Jour.,   May  25,  1921,  p.  434. 
^^Gas  Jour.,   Mar.  9,  1921,  p.  614. 
'^"Elec.  Wld.,   Sept.  11,  1921,  p.  543. 
'^^Gas  Jour.,  May  18,  1921,  p.  380. 
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Society  arranged, ^^^- — as  forecasted  in  last  year's  Report, — a 
similar  series  of  lectures  at  the  Technische  Hoch-schule  at  Char- 
lottenburg  last  September.  Fifteen  subjects  were  covered,  in- 
cluding photometry,  hygiene,  various  light  sources,  projection,  and 
different  kinds  of  lighting, — interior  and  exterior.  The  lectures 
were  subsequently  published  in  book  form. 


BOOKS. 

"Das  Kugelphotometer,"  (Ulbricht'sche  Kugel),  Dr.  Richard 
Ulbrecht,  (R.  Oldenbourg),  Munich  and  Berlin,  1920.  31  illus- 
trations and  3  tables,  no  pp. 

"The  Nature  of  Animal  Light,"  Dr.  E.  Newton  Harvey, 
(J.  B.  Lippincott  Co.)  Philadelphia,  1920.  pp.  x  -f  182. 

Scienza  e  Tecnica  dell'  Illuminazione :  Fotometria.,  Guido 
Peri.     (S  Lattes  &  Company)  Turin,  1920,  pp.  vii  -f-  479- 

"Elements  of  Illuminating  Engineering,"  A.  P.  Trotter  (Sir 
Isaac  Pittman  &  Sons),  London,  1921,  103  pp. 

"Lichttechnik,"  Bertelsmann,  Bloch,  Gehlhoff,  Korff,  Peter- 
sen Lux,  Meyer,  Mylo,  Wechmann,  and  Wedding,  (R.  Olden- 
bourg), Munich,  192 1.     49  tables,  591  pp. 

"L'Eclairage  Electrique,"  L.  Barbillion  and  P.  Bergeon, 
(Albin  Michel),  Paris,  1921.     87  Figs,  and  160  pp. 

"The  Electric  Lamp  Industry,"  G.  A.  Percival,  (Sir  Isaac 
Pitman  &  Sons),  1920.     112  pp. 

"Himmelshelligkeit,  Himmelspolarisation  und  Sonnenintensi- 
tat,"C.  Dorno,  (Behrend  &  Co.),  Berlin,  1919.  290  pp.,  26 
plates  and  68  tables, 

"La  Production  du  Gaz  d'Eclairage,"  Jacques  Bouvier,  (Ch. 
Beranger),  Paris,  652  pp.  401  figures  and  12  plates. 

=»=£.  r.  Z.,  July  8,   1920,  p.  533. 
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REPORT  OF  THE  COMMITTEE  ON  NOMENCLATURE 
AND  STANDARDS— 1921* 


The  Committee  wishes  to  record  at  the  outset  the  loss  which 
it  has  suffered  through  the  death  of  Dr.  E.  B.  Rosa.  There  have 
been  few  men  who  have  done  as  much  to  clarify  and  consoli- 
date the  nomenclature  appertaming  to  illumination  as  Dr.  Rosa. 
His  powerful  and  consistent  support  of  the  proposal  to  replace 
the  more  or  less  heterogeneous  and  unreHable  standards  of 
candle-power  existing  not  only  in  this  country  but  in  Great 
Britain  and  France  as  well  by  one  reliable  and  uniform  standard, 
and  to  secure  the  use  of  a  common  unit,  maintained  at  least 
provisionally  by  the  use  of  incandescent  lamps,  was  one  of  the 
most  influential  elements  toward  bringing  about  the  general  adop- 
tion of  the  International  Candle.  The  introduction  and  general 
acceptance  of  this  unit  have  solved  for  practical  purposes  the 
fundamental  problem  in  illuminating  engineering.  His  active 
participation  in  the_  work  of  this  Committee  over  a  long  series 
of  years  has  contributed  in  large  measure  to  such  success  as  the 
Committee  has  enjoyed.  Apart  from  the  universal  regret  at  the 
passing  of  a  great  leader  in  physical  science,  the  Committee  feels 
that  its  own  loss  has  been  an  especial  and  peculiar  one. 

In  view  of  the  fact  that  the  International  Commission  on 
Illumination  was  to  hold  a  meeting  in  Paris  in  July  of  this  year 
at  which  the  acts  of  this  Committee  were  to  be  submitted  by  the 
U.  S.  National  Committee  of  the  International  Commission  on 
Illumination  for  such  action  as  the  International  Commission 
might  see  fit  to  take  thereon,  the  Committee  felt  that  to  under- 
take any  considerable  or  extensive  revision  of  its  previous  work 
would  not  be  advisable  until  after  such  meeting  had  been  held. 

The  minutes  of  the  Paris  meeting  of  the  International  Com- 
mission on  Illumination  have  now  come  to  hand  and  the  following 
summary  of  the  actions  of  the  Commission  will  be  of  great  in- 
terest to  the  members  of  the  Illuminating  Engineering  Society : 

The  Commission  appointed  committees  to  study  the  follow- 
ing questions  and  to  report  at  the  next  meeting  of  the  Commis- 
sion : 

*A  report  rend  at  the  Annual  Convention  of  the  Illuminating  Engineering  Society, 
Rochester,  N  Y.,  September  26-29,  192 1. 
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Heterochromatic  photometry 
Photometric  definitions  and  symbols 
Lighting  in  factories  and  schools 
Automobile  headlighting 

It  will  be  noticed  that  one  of  these  committees  parallels  ex- 
actly the  Committee  on  Nomenclature  and  Standards.  The 
other  committees  represent  subjects  which  have  been  an  object 
of  study  of  committees  of  the  Illuminating  Engineering  Society 
for  a  number  of  years  and  to  which  the  Society  should  be  able 
to  contribute  materially.  Furthermore,  the  Commission  adopted 
certain  definitions  of  photometric  quantities.  The  official  text 
of  these  definitions,  which  is  in  French,  is  as  follows : 

■■'Definitions  Photometriques. 

FLUX  LUMINEUX:  C'est  le  debit  d'energie  rayonnante 
evalue  d  apres  la  sensation  lumineuse  qu'il  produit. 

Quoique  le  flux  lumineux  doive  6tre  regarde  strictement 
comme  le  debit  de  rayonnement  tel  qu'il  vient  d'etre  defini  il 
peut  cepcndant  etre  admis  comme  une  entite  pour  les  besoins'de 
la  photometric  pratique,  etant  donne  que,  dans  ces  conditions,  le 
debit  peut  etre  considere  comme  constant. 

L'lmite  de  flux  lumineux  est  le  LUMEN.  II  est  egal  au 
flux  emis  dans  I'angle  solide  unite  par  une  source  ponctuelle 
uniforme  de  une  bougie  internationale. 

ECLAIREMENT:  L'eclairement  en  un  point  d'une  surface 
est  la  densite  de  flux  lumineux  en  ce  point,  ou  le  quotient  du  flux 
par  I'aire  de  la  surface  lorsqu'elle  est  uniformement  eclairee. 

L'Unite  pratique  d'edairement  est  le  Lux.  C'est  l'eclairement 
d  une  surface  de  un  metre  carre  recevant  un  flux  de  un  Lumen 
uniformement  reparti,  ou  l'eclairement  produit  sur  la  surface 
d'une  sphere  de  un  metre  de  rayon  par  une  source  ponctuelle 
uniforme  de  une  bougie  internationale  placee  a  son  centre. 

Par  suite  de  certains  usages  reconnus,  on  pent  aussi  exprimer 
leclairement  au  moyen  des  unites  suivants : 

Si  I'on  prend  pour  unite  de  longueur  le  centimetre  I'unite 
d  eclairement  est  le  lumen  par  centimetre  carre  appele  Phot  Si 
I'on  prend  pour  unite  de  longueur  le  pied,  I'unite  d'edairement 
est  le  lumen  par  pied  carre,  appele  "Foot-Candle." 

I  "Foot-Candle"  =  10,764  lux  =  1,0764  milli-phot. 
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INTENSITE  LUMINEUSE 

L'intensite  lumineuse  d'une  source  ponctuelle  dans  une  direc- 
tion quelconque  est  le  flux  lumineux  par  unite  d'angle  solide  emis 
par  cette  source  dans  cette  direction.  (Tout  flux  cmanant  d'une 
source  de  dimensions  negligeablcs  par  rapport  a  la  distance  a 
laquelle  on  I'observe  peut  etre  considere  comme  provenant  d'un 
point.) 

L'unite  d'intensite  lumineuse  est  la  Bougie  Internationale  telle 
qu'elle  resulte  des  accords  intervenus  entre  les  trois  laboratoires 
nationaux  d'etalonnage  de  France,  de  Grande-Bretagne  et  des 
Etats-Unis  en  1909*.  Cette  unite  a  ete  conservec  depuis  lors 
au  moyen  de  lampes  a  incandescence  electriques,  dans  ces  labora- 
toires   qui    restent    charges    de  sa  conservation. 

*Ces  laboratoires  sont :  le  Laboratoire  Central  d'Electricite, 
a  Paris,  le  National  Physical  Laboratory,  a  Teddington,  et  le 
Bureau  of  Standards,  a  Washington." 

It  was  decided  that  the  English  translation  of  these  defini- 
tions should  be  agreed  upon  by  the  English  and  American  dele- 
gates to  the  Commission.  A  provisional  translation  furnished  by 
the  courtesy  of  Dr.  Hyde,  the  American  delegate  to  the  Commis- 
sion, is  as  follows.  It  is  to  be  noted  that  this  translation  is 
subject  to  alteration  as  a  result  of  the  negotiations  with  the 
British  National  Committee. 

Luminous  Flux  is  the  rate  of  flow  of  radiant  energy 
evaluated  with  reference  to  visual  sensation.  Although  luminous 
flux  must  strictly  be  defined  as  above,  it  may  be  regarded  for 
practical  photometric  purposes  as  an  entity,  since  the  rate  of 
flow  is  for  such  purposes  invariable. 

The  Unit  of  Luminous  Flux  is  the  Lumen.  It  is  equal  to 
the  flux  emitted  in  a  unit  solid  angle,  by  a  uniform  point  source 
of  one  international  candle. 

Illumination  at  any  point  of  a  surface  is  the  luminous 
flux  density  at  that  point,  or,  when  the  illumination  is  uniform, 
the  flux  per  unit  of  intercepting  area. 

The  practical  unit  of  illumination  is  the  Lux.  It  is  equal  to 
one  Lumen  per  square-meter,  or  it  is  the  illumination  at  the  sur- 
face of  a  sphere  of  one  meter  radius  due  to  a  uniform  point 
source  of  one  international  candle  placed  at  its  center. 

As  a  consequence  of  certain  recognized  usages,  the  illumi- 
nation can  also  be  expressed  by  means  of  the  following  units : 

Using  the  centimeter  as  the  imit  of  length  the  unit  of  illum- 
ination  is  one   lumen   per   square   centimetre,   and   is   called    the 
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Phot.     Using  the  foot  as  the  unit  of  length,  the  unit  of  illumina- 
tion is  one  lumen  per  square  foot,  and  is  called  the  Foot-Candle. 

The  Luminous  Ititcnsity  (Power)  or  Candle  Power  of  a 
point  source  in  any  direction  ib  the  flux  per  unit  solid  angle 
emitted  by  the  source  in  that  diiection.  (The  flux  from  any 
source  of  dimensions  which  are  negligibly  small  by  comparison 
with  the  distance  at  which  it  is  obser\ed,  may  be  treated  as  if 
it  were  emitted  from  a  point.) 

The  unit  of  Luminous  Power  (Intensity)  is  the  International 
Candle,  such  as  has  resulted  from  international  agreement  between 
the  three  national  standardizing  laboratories*  of  France,  Great 
Britain  and  the  U.  S.  A.  in  1909. 

This  unit  has  been  conserved  since  then  by  means  of  incan- 
descent electric  lamps  in  the  laboratories  which  continue  (or  re- 
main) charged  with  its  conservation, 

•These  laboratories  are  the  I^boratorie  Central  d'Electricite.  Paris,  the  National 
Physical  I^aboratorA',  Teddington,  and  the  Bureau  of  Standards,  Washington. 

It  is  a  matter  of  great  gratification  to  this  Committee  that 
one  of  its  members,  Past  President  of  the  Illuminating  Engineer- 
ing Society,  Dr.  E.  P.  Hyde,  has  been  accorded  the  great  honor 
of  election  as  President  of  the  International  Commission  on 
Illumination  to  hold  office  until  such  time  as  the  next  plenary 
meeting  of  the  Commission  is  held,  which  is  scheduled  provision- 
ally to  take  place  in  this  country  three  years  hence. 

The  matter  of  a  generic  term  for  "lighting  unit"  was  con- 
sidered by  the  Committee.  In  part  I  of  the  Transactions  was 
inserted  a  request  that  proposals  for  such  a  name  or  term  should 
be  sent  in  to  the  Committee.  A  considerable  number  of  such 
proposals  were  submitted,  and  after  considering  them,  the  sug- 
gested term  ''luminaire"  was  deemed  to  be  the  most  acceptable. 
The  Committee  therefore  recommended  the  use  of  this  term 
and  expressed  its  wish  that  it  might  receive  criticisms  and  fur- 
ther suggestions.  In  view  of  the  fact  that  such  criticisms  and 
further  suggestions  were  not  received,  the  recommendation  of 
the  Committee  was  submitted  to  the  Council  of  the  Illuminating 
Engineering  Society  for  such  action  as  the  Council  might  see  fit 
to  take.  The  term  "luminaire"  possesses  the  advantage  that  it 
is  not  a  coined  word  but  is  a  term  already  in  use  in  the  French 
language  in  this  connection.  The  Committee  considered  that 
it  is  equally  appropriate  and  understandable  in  English.  It  is 
hoped  that  the  membership  of  the  Society  will  inaugurate  the  use 
7 


250         TKANSACTIOxNfS  I.  E.  S.      VOIv.  XVI,  NO.  J,  OCT.   ID,  I92I 

of  this  term  in  their  regular  illuminating  engineering  work,  with 
the  expectation  that  the  influence  of  their  example  will  bring  its 
general  adoption. 

The    following   resolutions   were   passed   by   the    Committee : 

RKS01.VED :  That  this  Committee  communicate  to  the  Research 
Committee  of  the  Illuminating  Engineering  Society 
its  hope  and  desire  that  that  Committee  may  be  able 
to  direct  investigation  toward  determining  color  values 
in  terms  of  black  body  color  temperature  and  arrive 
at  standards  of  integral  color  suitable  for  adoption  by 
this  Committee. 

Resoi,vEd  :  That  this  Committee  communicate  to  the  Research 
Committee  that  in  the  absence  of  suitable  data  on 
which  definitions  of  gb,re  can  be  based,  it  is  suggested 
that  the  attention  of  the  Research  Committee  be  di- 
rected toward  this  question. 

Resolved  :  That  the  rules  and  specifications  for  automobile  head- 
lighting  of  the  Committee  on  Motor  Vehicle  Lighting 
of  the  Illuminating  Engineering  Society  as  promul- 
gated by  that  Committee  be  hereby  approved  by  this 
Committee. 


A.  E.  Kennelly,  Chairman 

Louis   Bell 

C.  O.  Bond** 

E.    C.    Crittenden 

W.  A.  Dorey 

E.  J.  Edwards 


E.  P.  Hyde 

C.  O.  Mailloux 

A.  S.  McAllister 

VV.  E.  Saunders* 

C.  P.  Steinmetz 

C.  H.  Sharp,  Secretary. 


DISCUSSION 

E.  L.  Elliott  :  It  occurs  to  me  that  if  the  French  word 
"luminaire"  were  translated  into  the  English  word  "luminary," 
it  would  make  a  good  term. 

W.  J.  Si^RRIIvL:  In  reading  the  report,  I  am  uncertain  as  to 
whether  this  word  "luminaire"  is  intended  for  a  lighting  unit  or 
for  a  fixture.     They  are  not  necessarily  the  same  things.     The 

*Mr.  Saunders  has  registere  1  disapproval  of  the  term  "luminaire." 
♦♦Ueceased. 
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reference  in  the  Transactions,  mentioned  in  this  report,  stales 
that  for  which  the  committee  is  seeking,  is  the  name  for  a  Hght- 
ing  fixture.  Now  a  lighting  unit  it  seems  to  me  is  a  lamp,  whether 
incandescent,  arc,  or  gas.  A  lighting  fixture,  on  the  other  hand, 
is  seemingly,  the  metal  frame  to  which  the  lamps  are  attached, 
and  which  is  fastened  to  the  wall  or  the  ceiling. 

In  modern  times,  these  things  are  frequently  combined,  the 
lamp  and  fixture  being  made  up  into  one  piece.  I  am  uncertain 
as  to  exactly  what  this  w-ord  "luminaire"  is  intended  to  represent, 
whether  it  is  the  fixture  without  the  lamp,  the  fixture  al!  equipped 
with  lamps,  or  just  the  lamp. 

F.  C.  Caldwell  :  The  great  thing  is  to  get  some  name  for 
this  object  which  hitherto  has  been  called  a  fixture,  but  which 
is  not  a  fixture.  It  is  not  very  important  what  the  name  is  if 
we  can  only  agree  to  use  it.  Since  the  Committee  has  selected 
this  word,  the  thing  for  us  to  do  is  to  get  behind  it.  and  see 
if  we  can  put  it  over. 

C.  H.  Sharp:  Mr.  Elliott  made  the  suggestion  that  we  might 
translate  "luminaire"  into  "luminary,"  and  then  we  would  have 
the  same  thing  in  English,  and  it  would  be  the  thing  that  is  going 
to  be  used  anyway,  and  we  might  as  well  start  with  it.  The 
trouble  is  we  have  "luminary"  already  more  or  less  preempted  by 
Sol  and  Luna,  and  a  few  others  of  that  character. 

Mr.  Serrill  went  on  to  illustrate  in  a  very  vivid  manner  the 
need  for  the  name  that  we  are  talking  about.  We  want  a  name 
for  the  thing  which  is  sometimes  a  fixture  and  sometimes  isn't, 
but  which  is  always  something  arranged  with  some  sort  of  a 
light  source  in  it.  We  call  it  a  lamp,  lighting  fixture  or  some- 
thing else.  Why  not  call  it  a  luminaire,  and  then  w^e  won't 
have  this  ridiculous  thing  of  a  movable  fixture. 

I  want  to  say  there  w^ere  a  number  of  suggestions  sent  in  and 
they  were  all  carefully  considered.  Most  of  the  words  suggested 
were  coined  words.  The  word  "luminaire"  is  not  open  to  the 
objection  of  being  a  coined  word.  It  is  self-explanatory  to  a 
large  extent. 

Another  thing,  as  Prof.  Caldwell  said,  w^e  need  a  word  that 
we  will  all  use  and  understand,  and  if  we  work  together,  perhaps 
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we  can  secure  its  adoption,  and  I  think  that  will  be  a  real 
service.  At  the  same  time,  let  it  be  understood  if  the  somebody 
will  propose  a  better  term  than  luminaire,  I  think  it  will  be  very 
gladly  accepted  by  the  Committee. 

Louis  Bell  :  The  word  "luminaire"  is  a  word  that  we  under- 
stand to  express  the  general  idea  of  a  thing  which  carries  a 
source  of  light,  and  that  is  the  great  advantage  in  the  use  of  this 
word  "luminaire."  I  think  the  word  ought  to  be  adopted,  as  far 
as  translating  the  word  into  English,  as  it  stands.  It  is  an  in- 
clusive term.  It  connotes  a  device  for  carrying  light,  and  being 
absolutely  general,  can  be  used  in  the  same  way  as  it  is  in  French, 
where  it  is  a  perfectly  good  and  regular  word.  I  think  we  ought 
to  take  it  over,  as  we  have  other  words  from  the  French  which 
have  proved  very  convenient  in  generalizing  an  idea. 

E.  D.  Tillson:  I  should  imagine  that  if  everybody  did 
not  immediately  adopt  this  word  to  the  exclusion  of  all  the  words 
we  have  been  using,  it  would  still  be  valuable  as  a  synonym. 

For  my  own  part,  I  have  become  very  tired  of  having  to  write 
a  word  like  "unit"  so  many  times  in  a  single  report.  Perhaps 
we  must  repeat  the  term  three  or  four  times  in  a  paragraph,  or 
dozens  of  times  in  the  course  of  a  report,  and  the  constant  repeti- 
tion wears  on  both  the  writer  and  the  reader.  We  search  our 
minds  for  some  other  word  and  often  settle  on  a  poor  substitute, 
for  example,  "lighting  fixture,"  when  speaking  of  something 
that  is  not  a  fixture  at  all — still  we  use  it. 

To  me  "luminaire"  sounds  well,  at  any  rate,  and  extends  our 
professional  vocabulary  in  an  acceptable  way. 

The  only  unfitness  I  can  see  in  this  word  being  standardized 
and  used  universally  is,  for  example,  its  application  to  the  dis- 
cussion of  stock  yard  or  gas  house  lighting,  where  the  word 
"luminaire"  might  appear  a  trifle  high  sounding  to  the  average 
American — somewhat  of  a  parlor  term,  and  therefore  not  entirely 
appropriate. 

W.  J.  Serrill  :  What  would  the  lighting  device  in  this  room 
be  called? 

C.  H.  Sharp:     A  luminaire.  (Laughter) 
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W.  J.  Serrill:  Would  the  man  who  would  manufacture  that 
metal  part  and  sell  it  with  no  lighting  units,  or  lamps,  attached, 
be  a  manufacturer  of  a  luminaire? 

C.  H.  Sharp:     It  would  be  a  luminaire. 

G.  H.  Stickney:  The  term  "fixture"  is  sometimes  used  to 
designate  the  fixture  alone,  sometimes  to  designate  the  fixture 
complete  with  lamps,  and  sometimes  when  it  is  not  known 
whether  or  not  lamps  are  included.  A  similar  use  of  the  term 
"luminaire"  does  not  involve  any  new  complication  on  that 
score.  So  far  as  I  know,  there  have  been  no  serious  complica- 
tions from  this  use  of  the  word  "fixture"  and  I  would  not 
anticipate  any  trouble  with  the  new  term. 

"Luminaire"  seems  to  meet  the  objection,  that  "fixture" 
conveys  an  undesirable  suggestion.  The  real  question  is  whether 
the  term  will  take.  Experience  is  probably  the  only  means  of 
judging.  We  are  all  inclined  to  hesitate  over  new  terms,  which 
often  come  naturally  after  we  become  used  to  them,  as  in  the 
case  of  "garage." 

It  is  quite  conceivable  that  by  the  time  of  next  year's  conven- 
tion, we  will  be  saying  "luminaire"  easily,  and  that  "fixture" 
v»ill  before  long  begin  to  sound  queer  and  obsolete.  Let  us 
hope  that  "luminaire"  w'ill  prove  as  acceptable  as  "garage." 

F.  Lee  Farmer  :  I  think  the  present  difficulty  is  not  among 
the  technical  men,  but  among  the  trade,  the  people  that  handle 
these  fixtures.  I  think  the  general  meaning  of  the  term,  "light- 
ing unit,"  among  these  electrical  dealers  throughout  the  country 
is  a  one-light  unit,  a  one-light  fixture,  if  you  please,  and  in 
speaking  of  lighting  fixture,  the  term  is  something  here  that 
we  are  selling.  It  might  be  well  to  consider  that  one  point 
before  adopting  that  term,  whether  it  would  be  advisable  to 
have  some  term  to  mean  a  single  or  one  light  unit. 

G.  B.  Regar  :  I  think  that  this  might  also  be  confusing,  for 
the  reason  that  you  invariably  hear  the  work  "fixture"  applied 
to  what  we  know  as  a  unit  and  by  this  I  mean  an  individual 
lamp,  usually  in  an  enclosing  globe. 

Norman  Macbeth  :  I  believe  that  this  discussion  is  a  result 
of  the  publicity  of  the  manufacturers  of  the  plug  wall  and  ceiling 
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outlet  devices  recently  perfected.  They  have  selected  their  own 
name,  "Elexilier"  which  will  obviate  the  previous  apparent 
absurdity  of  a  removable  fixture. 

In  England  where  lighting  fixtures  attached  to  walls  and 
ceilings  are  not  generally  landlord-owned,  the  term  "lighting 
fittings"  is  used.  In  our  business  the  word  "fixture"  has  not 
been  the  occasion  of  as  much  confusion  as  some  other  words, — 
for  example,  "lamp."  In  the  gas  industry,  lamp  is  the  accessory 
necessarily  accompanying  the  light  radiator.  In  the  electrical 
field  Ave  have  hand  lamps,  portable  lamps,  counter  lamps,  etc., 
and  in  all  instances  the  source  of  light,  the  tungsten  filament 
glass  bulb,  is  also  known  as  a  lamp.  The  pre-emption  of  the 
word  "lamp"  probably  occurred  in  the  bare  lamp  days  when  a 
bulb  was  actually  a  lamp.  To-day  it  is  the  cause  of  a  great 
deal  of  confusion. 

Mr.  Ward  Harrison  :  I  believe  that  advertisers  have  found 
in  order  to  popularize  a  word,  quickly,  for  instance  a  coined 
word,  it  is  always  desirable  to  get  one  whose  pronunciation  is 
unmistakable  even  to  uneducated  persons.  There  would  be  a 
tendency  to  confuse  "luminary"  and  "luminaire,"  and  perhaps 
some  would  stumble  over  "luminaire"  and  decide  they  did  not  like 
it  and  stick  to  lighting  fixture.  If,  in  bringing  it  into  the  English, 
the  final  "e"  were  omitted,  would  it  not  clear  up  this  objection? 
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SKY  BRIGHTNESS  AND  DAYLIGHT  ILLUMINATION 
MEASUREMENTS* 

REPORT     01-      THE     COMMITTEE     ON     SKY     BRIGHTNESS; 
H.    H.    KIMBALL,  CHAIRMAN. 


SYNOPSIS 


This  report  has  to  do  principally  with  measurements  made 
v/ith  a  Sharp-Millar  photometer  in  a  suburb  of  Washington,  D.  C, 
practically  free  from  city  influences,  between  April  5  and  July 
14,  inclusive,  1921.  Since  it  is  the  intention  to  continue  the 
present  observational  program  to  cover  at  least  a  full  year,  the 
results  given  must  be  accepted  as  preliminary  and  subject  to 
slight  correction. 

The  sky  conditions  have  been  classified  as  (i)  clear,  (2) 
covered  with  thin  clouds  or  dense  haze,  (3)  covered  with  dense 
clouds  or  fog,  (4)  covered  with  clouds  from  which  rain  was 
falling,  or  (5)  partly  covered  with  clouds.  The  sl<y  brightness 
and  daylight  illumination  measurements  have  been  grouped  ac- 
cording to  the  above  classification,  and  also  according  to  the  solar 
altitude.  The  means  of  slcy  brightness  measurements  are  shown 
graphically  by  lines  of  equal  brightness  on  stereographic  pro- 
jections of  the  sky. 

The  brightest  sky  as  a  whole  is  one  covered  with  thin  clouds 
or  dense  haze,  although  detached  dense  clouds  may  be  brighter 
than  thin  clouds.  The  brightness  generally  increases  with  solar 
altitude,  especially  near  the  zenith.  With  a  clear  sky  or  one 
covered  with  thin  clouds,  the  brightest  area  is  about  the  sun,  and 
the  darkest  point  nearly  90°  from  the  sun  in  his  vertical.  With 
dense  clouds  covering  the  sky  the  brightest  area  is  near  the 
zenith,  with  a  nearly  uniform  diminution  in  brightness  in  all 
directions  toward  the  horizon.  With  rain  falling  the  sk-y  bright- 
ness averages  about  half  that  with  dense  clouds  without  rain. 

Table  I  gives  the  means  of  illumination  from  direct  sun- 
light on  a  horizontal  surface,  and  on  a  surface  normal  to  the  solar 
rays,  and  also  the  means  of  illumination  from  sk-^-light  on  a 
horizontal  surface,  and  on  vertical  surfaces  differently  oriented. 

*A  Report  presented  at   the   Annual  Convention   of  the   Uluminatine   KnirineeriDe 
Society,  Rochester,  N.  V.,  September  26  to  29,  1921. 
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With  increase  in  solar  altitude  the  increase  in  illumination  on  a 
horizontal  surface  from  direct  sunlight  and  skylight  is  marked ; 
upon  vertical  surfaces  the  increase  in  illumination  from  skylight 
is  not  so  marked,  but  the  difference  in  the  illumination  on  vertical 
surfaces  differently  oriented  decreases.  With  a  clear  sky  the 
illumination  from  skylight  on  vertical  surfaces  averages  a  little 
more  than  half  the  illumination  from  the  same  source  on  a  hori- 
zontal surface;  with  a  cloudy  sky  it  averages  a  little  less  than  half. 

It  is  shown  that  by  means  of  a  simple  mathematical  equation 
the  illumination  can  be  computed  from  the  sky  brightness,  and 
that  the  agreement  between  computed  and  measured  illumination 
is  close.  An  equation  is  also  given  for  computing  the  shading 
effect  of  buildings  or  other  objects,  but  the  consideration  of  the 
reflection  of  light  from  such  objects,  and  from  streets  andvarious 
kinds  of  ground  surfaces,  is  reserved  for  a  later  report. 

PHOTOMETRIC  UNITS. 

In  photometric  measurements,  as  in  all  others,  a  unit  of 
measure  is  required.  In  the  United  States  the  International 
candle,  is  the  unit  generally  employed. 

For  the  purposes   of  this  paper   three   definitions  become 

necessary,  as  follows : 

(i)  Luminous  flux,  =  F.  =  radiant  power  evaluated  ac- 
cording to  visibility,  that  is,  the  capacity  to  produce  the  sensation 
of  light.  The  flux  emitted  in  a  unit  solid  angle  by  a  point  source 
of  one  candle  power  =  one  lumen. 

(2)  The  illumination  on  a  surface  =  flux  density  on  the 
surface,  =:  F/S,  where  S  is  the  area  of  the  surface.  Therefore, 
the  illumination  varies  inversely  as  the  square  of  the  distance  from 
the  source.  Thus,  a  flux  of  one  lumen  produces  a  surface  density 
of  a  foot-candle  at  a  distance  of  one  foot,  a  meter-candle  at  a 
distance  of  one  meter,  and  a  phot  at  a  distance  of  one  centimeter. 
There  are  30.48  centimeters  in  one  foot,  and  one  phot  =  929.  foot- 
candles,  since  (30.48)^  =  929. 

(3)  The  brightness  of  a  perfectly  diffusing  surface  radiat- 
ing or  reflecting  one  lumen  per  square  centimeter  is  one  lambert. 
It  is  equivalent  to  a  perfectly  diffusing  surface  with  an  illumin- 
ation of  one  phot. 
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SKY  BRIGHTNESS  MEASUREMENTS. 

Apparatus.  Most  of  the  sky  brightness  measurements  here 
considered  have  been  made  at  Washington,  D.  C,  with  a  Sharp- 
Millar  Photometer,  the  brightness  of  a  given  point  in  the  sky 
being  compared  with  the  brightness  of  a  translucent  glass  plate  at 
a  known  distance  from  an  electric  lamp  of  known  candle  power. 
In  order  to  produce  a  color  match  the  light  from  the  sky  is  made 
to  pass  through  an  amber-colored  gelatine  film.  The  color  match 
is  good  for  direct  sunlight,  but  light  from  the  clear  sky  is  blue  and 
from  a  cloudy  sky  white,  when  compared  with  the  electric-lamp 
light.  Plates  of  neutral  glass  the  transmission  coefficients  of 
which  are  known  are  employed  to  reduce  the  flux  of  light  from 
the  sky,  and  thus  extend  the  photometric  scale.  The  maximum 
possible  scale  reading  when  using  the  densest  neutral  plate  avail- 
able is  about  7.5  lamberts.  With  a  clear  sky  there  is  a  small  area 
around  the  sun  that  exceeds  this  brightness.  With  thin  white 
clouds  or  dense  haze  present  this  area  may  extend  to  forty  or 
fifty  degrees  below  and  on  each  side  of  the  sun,  and  to  a  somewhat 
less  distance  above  it. 

The  comparison  lamp  and  all  screens  employed  have  been 
standardized  at  the  Bureau  of  Standards.  Check  readings  have 
also  frequently  been  made  at  the  same  place,  to  detect  possible 
changes  in  the  lamp  or  screens.  One  of  the  Weather  Bureau 
observers  usually  makes  a  part  of  these  readings,  and  it  may  be 
stated  that  Mr.  I.  F.  Hand,  who  has  made  most  of  the  measure- 
ments for  the  Weather  Bureau,  has  very  nearly  a  normal  eye. 
His  readings  are  also  above  the  average  for  smoothness. 

Installation.  The  photometer  is  mounted  in  a  wooden 
shelter  on  the  roof  of  the  College  of  History,  American  Uni- 
versity, D.  C,  in  a  suburb  5.5  miles  northwest  of  the  U.  S.  Capitol, 
and  1.5  miles  northwest  of  the  U.  S.  Naval  Observatory.  The 
country  to  the  south  and  west  is  thinly  settled,  and  much  of  it  is 
covered  with  forest.  There  are  no  manufacturing  establish- 
ments or  railroads  within  a  radius  of  about  three  miles..  The 
University  is  therefore  practically  free  from  city  influences,  ex- 
cept with  easterly  winds,  which  are  rare,  and  which  bring  some 
smoke  from  the  city.  The  latitude  of  the  University  is  38"  56'  X, 
the  longitude  /y°  05'  W.,  and  the  photometer  is  450  feet,  or  137 
meters,  above  sea  level. 
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Fig.  I  gives  a  view  of  the  photometer  and  its  shelter.  The 
latter  is  painted  white  on  the  outside  and  flat  black  on  the  inside. 
The  upper  edge  of  the  sides  of  the  house  are  on  a  level  with  the 
center  of  the  elbow  tube  when  the  latter  is  horizontal.  The  photo- 
meter rotates  on  its  support,  and  the  latter  carries  a  horizontal 
circle  for  measuring  azimuths.  The  photometer  is  provided  with 
a  rather  crude  vertical  circle  for  reading  the  angular  height  in 
which  the  tube  is  pointing.  Resting  on  the  top  of  the  photometer 
is  a  screen  used  to  cut  off  the  direct  solar  rays  in  some  of  the  day- 
light illumination  measurements,  which  will  be  discussed  later. 

Observational  Program.  The  source  of  the  brightness  of 
the  sky  is  threefold:  (i)  direct  diffusion  of  sunlight  by  the  gas 
molecules  and  dust  and  other  particles  in  the  atmosphere;  (2) 
reflection  of  light  from  the  surface  of  the  ground  and  other 
objects;  (3)  secondary  diffusion  of  light  by  the  atmosphere. 
Since  the  diameters  of  gas  molecules  are  small  as  compared  with 
the  wave  length  of  light,  gases  cause  a  greater  proportion  of 
scattering  at  the  blue  end  of  the  spectrum  than  at  the  red  end, 
giving  the  sky  its  blue  color.  The  diameter  of  the  dust  and  other 
particles  in  the  atmosphere  is  generally  large  as  compared  with 
the  wave  length  of  light.  These  particles  therefore  reflect  the 
white  light  from  the  sun,  and  greatly  dilute  the  blue  color  of  the 
sky. 

When  detached  clouds  are  present  they  reflect  a  variable 
percentage  of  light  that  they  receive,  depending  upon  both  the 
angle  of  incidence  and  the  angle  of  reflection  of  the  light.  If  the 
cloud  layer  is  continuous,  and  everywhere  of  equal  thickness  and 
density,  it  approaches  a  matt  surface,  and  its  underside  should  be 
everywhere  of  equal  brightness. 

From  the  laws  of  diffusion  or  scattering  and  of  the  re- 
flection of  light,  it  follows  that  the  brightness  of  the  sky  should 
be  symmetrical  on  the  two  sides  of  a  vertical  circle  through  the 
observer  and  the  sun,  unless  the  cloud  or  haze  distribution  is 
unsymmetrical,  or  the  surface  of  the  earth  under  the  two  sides 
differs  materially,  as  for  instance,  land  under  one  side  and  water 
under  the  other.  In  order  to  economize  the  time  required  for 
making  the  measurements,  it  is  assumed  that  the  sky  brightness 
at  Washington  is  symmetrical  on  the  two  sides  of  the  sun's 
vertical.     Measurements  are  therefore  confined  to  one  side,  and 
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Kig.  I.— View  of  photometer  and  its  shelter. 
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Fig.  2.- Average  brightness  of  a  clear  sky  in  millilainberts.     X     Suns  position. 
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Figs.  3,  4  and  5.— Average  brightness  of  a  clear  sky  in  millilamberts. 
X  =  Sun's  position. 
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it  is  generally  a  matter  of  chance  on  which  side  they  are  made, 
except  that  if  there  appears  to  be  smoke  over  the  city  the  sky  in 
that  direction  is  avoided  as  far  as  possible. 

The  observational  program  calls  for  a  series  of  measurements 
as  nearly  as  possible  when  the  altitude  of  the  sun  above  the 
horizon  is  0°,  20°,  40°,  60°,  and  70°,  respectively.  Not  many 
observations  are  obtained  in  the  summer  with  solar  altitude  0° 
and  20°,  and  none  can  be  obtained  in  winter  with  solar  altitudes 
60°  and  70°.  A  complete  series  of  readings  includes  measure- 
ments at  2°,  15°,  30°,  45-,  60°,  75°,  and  90°  above  the  horizon, 
on  vertical  quadrants  of  circles  at  azimuths  0°,  45°,  90^,  135°  and 
180°  from  the  sun.  Three  photometric  settings  are  made  at  each 
point,  or  105  settings  for  each  series,  which  latter  requires  from 
10  to  12  minutes  of  time. 

Classification  of  Observations.  For  the  purpose  of  classify- 
ing the  observations  they  have  been  grouped  according  to  the 
solar  altitude  at  the  time  of  the  measurement,  and  the  state  of  the 
sk}'.  Skies  have  been  classified  as  follows :  ( i )  clear  when  few 
or  no  clouds  are  present  in  the  half  of  the  sky  measured;  (2) 
overcast  with  thin  clouds  or  dense  haze;  (3)  completely  covered 
with  clouds  or  dense  fog,  so  that  neither  the  sun  nor  blue  sky  can 
be  seen;  (4)  overcast  with  clouds  from  which  rain  or  snow  is 
falling;  and  (5)  partly  overcast  with  clouds.  This  latter  in- 
cludes all  that  cannot  be  included  in  the  first  four  classifications. 

Summary  of  Measurements^  Figures  2  to  13,  inclusive,  are 
based  upon  the  means  of  all  the  observations  obtained  at  Wash- 
ington, with  the  specified  solar  altitudes  and  sky  conditions, 
between  April  5  and  July  14,  inclusive,  192 1.  They  represent 
about  25  clear,  25  cloudy,  and  15  partly  cloudy  half  days,  15  days 
with  the  sky  covered  with  thin  clouds  or  haze,  and  10  half  days 
with  rain  falling. 

Half  the  sky  only  is  shown,  in  stereographic  projection,  and 
the  brightness  is  given  in  millilamberts.  In  Figs.  2  to  10,  in- 
clusive, and  Fig.  12,  the  half  of  the  sky  to  one  side  of  the  sun's 
vertical  is  shown;  in  Figs.  1 1  to  13,  the  half  of  the  sky  that  is 
farthest  from  the  sun. 

In  Figs.  2  to  9,  inclusive,  the  sky  is  divided  into  zones  10° 
in  width  that  are  concentric  about  the  zenith ;  in  Figs.  10  and  12 
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Figs.  6,  7  and  8.— Average  brightne!5.s  in   millilamberts  of  n  sky  covered  with 
thin  clouds,  partly  covered  with  clouds,  and  covered  with  dense  clouds. 
X  --  Sun's  position. 
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Fig.  9. — Average  brightness  in  millilamberts  of  different  parts  of  a  cloudy  sky. 
Y  =  Sun's  position. 


Fig.  10.— Average  brightness  in  millilamberts  of  different  parts  of  a  cloudy 

sky.    X  =  Sun's  position.     (10°  zones  concentric  about  a  point 

90°  from  the  sun. 

the  zones  are  concentric  about  a  point  on  the  horizon  90°  in 
azimuth  from  the  sun;  in  Figs.  11  and  13,  about  a  point  on  the 
horizon  180°  in  azimuth  from  the  sun.  The  sky  is  divided  into 
these  three  sets  of  zones  for  convenience  in  computing  the  illum- 
ination from  skylight  upon  a  horizontal  surface,  and  upon  vertical 
surfaces  facing  90°  and  180°  in  azimuth  from  the  sun  respec- 
tively. 

Figures  2  to  5,  inclusive,  show  by  means  of  lines  of  equal 
brightness  the  mean  brightness  of  a  clear  sky,  not  only  in  milli- 
lamberts, but  also  with  reference  to  the  zenith  brightness,  for 
solar  altitudes  0°,  20°,  40°,  and  60°,  respectively.     It  will  be 
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noticed  that  with  the  sun  on  the  horizon  and  the  sky  clear,  there 
is  nearly  a  symmetrical  distribution  of  brightness  about  the  zenith, 
with  a  marked  increase  in  sky  brightness  toward  the  horizon,  and 
a  slight  increase  in  both  directions  from  azimuth  90°  from  the 
sun.    The  brightest  sky  is  in  the  immediate  vicinity  of  the  sun. 
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Fig.  II. — Average  brightness  in  niilHlamberts  of  the  half  the  sky  opposite 
the  sun  when  cloudy.    Solar  altitude  =  40°. 


With  increased  solar  altitude  the  above  brightness  distribu- 
tion is  maintained.  The  darkest  point  in  the  sky  is  a  little 
less  than  90°  from  the  sun,  and  the  dark  line  or  valley  in  the  sky, 
starting  at  the  darkest  point,  does  not  quite  reach  the  horizon,  but 
passed  between  the  sun  and  the  horizon.  The  brightness  in  the 
zenith,  and,  indeed,  the  general  sky  brightness,  increases  with  the 
solar  altitude,  except  on  the  horizon  underneath  the  sun. 

Dorno^  found  that  with  the  sun  30°  above  the  horizon  its 
surface  brightness  is  1,000,000  times  the  brightness  of  the  clear 
sky  in  the  zenith. 

It  is  also  of  interest  to  note  that  Dorno's  measurements  show 
a  brighter  horizon  and  a  brighter  sky  opposite  the  sun  than  is 
indicated  by  the  Washington  measurements,  probably  on  account 
of  the  amount  of  light  reflected  from  the  snow-covered  Alps. 

1  Dome,  C.  Hinimelshelligkeit,  Hiinniclspolari/.ation  unrt  Sonnenintensitat  in  Davos 
1911  bis  i<^i8.  •  Voroffentlicluingen  der  Pru.ssischen  Meteorologischen  Instituts,  No.  30.1, 
Abhudlunccen  Bd.  VI. 
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Fig.  12.— Average  brightness  in  millilamberts  of  different  parts  of  a  clear 
sky.    X  =  Sun's  position.     ( 10°  zones  concentric  about  a  point 
90°  from  sun.) 

On  the  other  hand,  unpublished  measurements  made  by  F.  W. 
Little  at  Key  West  and  Sand  Keys,  Fla.,  and  off  Long  Island, 
N.  Y.,  give  a  darker  horizon,  and  a  darker  sky  opposite  the  sun 
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Average  brightness  in  millilamberts  of  the  half  the  sky  opjKjsite 
the  sun  when  clear.     Solar  altitude  =  40°. 


than  is  shown  by  the  Washington  measurements,  probably  because 
Little's  measurements  were  made  principally  over  a  water  surface, 
which  is  a  poor  reflector  of  light.  Dorno  found  the  albido  of  a 
snow  surface  to  be  from  60  per  cent  to  74  per  cent,  the  latter  for 
freshly  fallen  snow,  as  compared  with  6  to  7  per  cent  for  grass 
covered  ground,  and  2  per  cent  for  a  water  surface. 
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Figures  6,  7,  and  8  also  show  by  means  of  lines  of  equal 
brightness  the  brightness  of  the  sun  when  covered  with  thin 
clouds  or  dense  haze,  partly  covered  with  clouds  of  various  types, 
and  completely  covered  with  dense  clouds  or  fog,  respectively, 
with  the  sun  at  altitude  40°. 

It  will  be  seen  from  Fig.  6  that  a  sky  covered  with  thin 
clouds  or  dense  haze  is  the  type  of  sky  that  is  brightest,  especially 
in  the  vicinity  of  the  sun.  On  the  horizon  the  brightness  does 
not  greatly  exceed  that  with  a  clear  sky. 

With  the  sky  partly  overcast  with  clouds  the  brightness  varies 
from  that  of  a  clear  sky  to  that  with  a  sky  covered  with  thin 
clouds  or  dense  haze.  Luckiesh^  and  Aldrich^,  working  in- 
dependently, have  found  that  dense  white  clouds  reflect  about  78 
per  cent  of  the  light  that  they  receive,  and  that  the  cloud  surfaces 
may  be  from  five  to  ten  times  as  bright  as  adjacent  patches  of 
blue  sky. 

With  the  sky  covered  with  dense  clouds  or  fog  the  sky  shows 
an  entirely  different  distribution  from  the  types  already  con- 
sidered. The  brightest  point  is  near  the  zenith,  from  which  point 
there  is  a  nearly  uniform  diminution  in  brightness  in  all  directions 
to  the  horizon,  except  that  there  is  a  slight  minimum  of  brightness 
in  90°  azimuth  from  the  sun. 

With  the  rain  falling  the  brightness  distribution  is  much  the 
same  as  with  a  cloud  or  fog-covered  sky,  but  the  absolute  bright- 
ness averages  only  about  one  half  as  great. 

It  is  to  be  noted  that  a  cloud  or  fog-covered  sky  is  not 
uniformly  bright  on  its  lower  surface  when  viewed  from  a  given 
point.  It  departs  markedly  from  a  perfectly  diffuse  reflecting  or 
radiating  surface.  This  is  no  doubt  partly  accounted  for  from 
the  fact  that  neither  the  upper  nor  the  lower  surface  of  a  cloud 
layer  is  smooth,  but  contains  numerous  humps  and  hollows. 
When  viewed  at  a  considerable  angle  from  the  normal  the  darker 
humps  on  the  lower  surface  hide  the  brighter  hollows  or  thin 
places  in  the  clouds,  to  a  considerable  degree. 

^M.  I,uckiesh.     The  Visablity  of  Air  Plaiies.    Jour.  Franklin  Institute.,  1919,  Vol.  187 
p.  306. 

2  Aldrich,  I,.  B.    The  Reflecting  Power  of  Clouds.    Smith,    Misc.  Coll.,  Vol.  69,  No.  10. 
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Figure  9  gives  the  average  brightness  of  spherical  polygons 
measuring  10°  on  a  side,  as  determined  from  the  lines  of  Fig.  8. 
This  is  a  convenient  method  of  representing  sky  brightness  when 
computations  of  the  illuminations  on  a  horizontal  surface  are  to 
be  made. 

Figure  10  shows  the  same  sky  brightness  as  in  Figs.  8  and  9, 
but  with  the  10°  polygons  conveniently  arranged  for  computing 
the  illumination  on  a  vertical  surface  facing  90°  in  azimuth  from 
the  sun. 

In  Fig.  1 1  the  two  quadrants  of  the  sky  shown  are  on  opposite 
sides  of  the  sun's  vertical,  and  the  brightness  of  each  is  that  of 
the  quadrant  in  Figs.  8  to  10,  inclusive,  that  is  farthest  from  the 
sun.  The  brightness  of  one  quadrant  is  shown  by  means  of  lines 
of  equal  brightness,  while  on  the  other  the  brightness  of  the  10° 
polygons  is  given,  conveniently  arranged  for  computing  the 
illumination  on  a  vertical  surface  facing  180°  in  azimuth  from  the 
sun. 

Figures  12  and  13  are  similar  to  Figs.  10  and  11,  respectively, 
except  that  they  represent  clear  sky  conditions  with  the  sun  40° 
above  the  horizon,  as  in  Fig.  4. 

DAYLIGHT  ILLUMINATION  MEASUREMENTS. 

A  compensated  test  plate  has  been  employed  in  measuring  the 
intensity  of  daylight  illumination.  That  is  to  say,  the  plate  is  so 
constructed  that  the  light  intensity  from  a  given  source  varies 
closely  with  the  cosine  of  the  angle  of  incidence  at  which  the  light 
is  received.  After  each  series  of  sky  brightness  measurements 
the  following  illumination  measurements  are  made : 

(i)  Total  solar  and  sky  illumination  with  test  plate 
horizontal. 

(2)  Total  solar  and  sky  illumination  with  test  plate  normal 
to  the  sun. 

(3)  Sky  illumination  with  test  plate  normal  to  the  sun. 

(4)  Sky  illumination  with  test  plate  horizontal. 

(5)  Sky  illumination  with  test  plate  facing  90°  from  the 
sun  in  the  sun's  vertical. 

(6)  Sky  illumination  with  test  plate  vertical,  and  facing  in 
azimuth,  0°,  45°,  90°,  135°,  and  180°  from  the  sun,  respectively. 
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When  the  sun  is  shining  use  is  made  of  the  shade  in  Fig.  i 
to  cut  off  direct  solar  radiation  when  desired. 

TABLK  I.     Daylight  Illumination  Measurements. 


Solar  Illumination. 

Sky 

[llumination 

Mean 

Normal 
Inci- 
dence 

On  horizon- 
tal surface 

On  horizon- 
tal surface 

On  vet 

tical  surface 

altitude 

Azimuth  from  suti 

0° 

4.S° 

500 

I3S° 

I>JO° 

0 

F.C. 

F.C. 

P.  C. 

F.  C. 

F.C. 

F.  C. 

F.C. 

F.C, 

Clear  Sky 

23-9 
41-5 
60.2 
71. 1 

4873 
7922 
8972 
9714 

2023 
5560 

996 
1343 

1575 

1325 

849 

575 

534 

7648 

1735 

1445 

1279 

960 

758 

578 

9136 

1600 

I29I 

1074 

947 

824 

699 

Partly  Cloudy  Sky 

40.0 

4520 

3146 

3036 

2799 

2470 

I56r 

102 1 

762 

60.0 

4551 

3090 

3977 

2312 

2057 

1596 

1777 

1228 

70.0 

42S1 

37 -i 

Cloud 

4360 
y  Sky 

2176 

1922 

1653 

1537 

1515 

40.0 

1989 

925 

926 

849 

792 

782 

60.0 

2146 

88  r 

941 

977 

932 

929 

70.0 

3446 

1294 

1254 

1210 

1222 

0931 

Table  i  summarizes  the  illumination  measurements,  which 
cover  only  the  period  from  May  7  to  July  14,  192 1.  The  increase 
in  direct  solar  illumination  with  increase  in  solar  altitude,  espec- 
ially on  a  horizontal  surface,  is  clearly  shown,  and  also  the  in- 
crease in  sky  illumination  on  a  horizontal  surface.  The  increase 
in  the  illumination  on  vertical  surfaces  is  not  so  marked,  but  the 
difference  between  the  illumination  on  surfaces  facing  0°  and 
180°,  respectively,  in  azimuth  from  the  sun,  grows  less  with  in- 
creased solar  altitude. 

Direct  solar  illumination  measurements  show  extreme  de- 
partures from  the  mean  value  of  about  ±:  30  per  cent  with  solar 
altitude  40°,  dz  20  per  cent  with  solar  altitude  60°,  and  ±:  12  per 
cent  with  solar  altitude  70°.  Sky  illumination  on  a  horizontal  sur- 
face with  few  or  no  clouds  present,  shows  variations  from  the 
mean  of  about  ±40  per  cent  regardless  of  solar  altitude.  In  the 
case  of  both  solar  and  sky  illumination,  however,  the  extreme  plus 
departures  are  greater  than  the  extreme  minus  departures.  The 
direct  solar  illumination  measurements  average  higher  than  those 
obtained  by  me  at  Mount  Weather,  Va.  in  1913  -  1914.* 

^Monthly  Wfather  Review,  December,  1914,  p.  652. 


ILLUMINATION  MEASUREMENTS  267 

The  illumination  on  vertical  surfaces  with  the  sky  partly 
covered  with  clouds  shows  variations  of  about  ±  60  per  cent  on 
each  side  of  the  mean.  Or,  roughly,  the  maximum  sky  illumination 
measured  on  a  vertical  surface  has  been  about  four  times  the 
minimum  illumination  measured  on  the  same  surface.  Illumina- 
tion from  a  cloudy  sky  shows  about  the  same  order  of  variation. 

COxMPUTATION  OF  D.WLIGHT  ILLUMINATION  FROM 
SKY  BRIGHTNESS  MEASUREMENTS. 

The  illumination  on  a  horizontal  surface  may  be  computed 
from  sky  brightness  measurements  as  follows : 

^  Suppose  the  hemispherical  sky  surface,  of  radius  r,  to  be 
divided  into  elementary  horizontal  zones,  and  let  the  angular 
altitude  of  these  zones  above  the  horizon  =  6.  Then  the  radius 
of  any  zone  =  r  cos  6,  and  the  circumference  =  2'rr  cos  6.  Let 
the  width  of  the  zone  =  r  d  ^,  its  area  =  27r  r-  cos  6  d  0.  Let  the 
sky  brightness  everywhere  =  one  unit,  and  the  horizontal  light 
mtensity  due  to  the  brightness  of  an  elementary'  zone  =  dL 

Then  1=  Utt  r  cos  ^  sin  ^  d  ^ 
=  7rr'sin'd  (i) 

Taking  zones  io°  in  width  as  in  Figure  9,  we  obtain  the 
following  relative  values  of  the  vertical  component  of  the 
illuminating  power  of  each  zone. 


030 


For  elf,  l<^=o.o3o  .r^•  I^f =0. 
For  e^f,  C'»=o.ii7  .r^•  iJ^I^o.oSy 

For^3f^i:/e=o.25o.rM3°:=o.i33 
For  e^f'  \<'=-o.^3  .ir';l^f,=o.i63 

For  ^5f  ^  I-/._^^S7  .rM5o:^o.i74 
Ford^f.  i:/-o.750.r;l6°:^o.i63 
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For  e^'^J ,  1^1  ^'=o.SS3  Trr';  lI°I=o.i 


60' 


33 


For  elf,  ir^«==o.97o  -r';  l^°I=o.o87 

For  6^0  ,  lo  "==1.000  Trr';  Ig*^o=o.030 

The  relative  values  given  above  are  to  be  multiplied  by  the 
average  measured  brightness  of  each  zone,  as  determined  for 
example,  from  charts  similar  to  those  in  Figs.  9  to  12,  inclusive. 
The  sum  of  the  products  multiplied  by  0,929  gives  the  resulting 
illumination  in  foot-candles. 

TABLE  2.     Sky  Brightness  in  Terms  of  Zenith  Brightness.     Overcast  Sky. 

Mean  of  Measurements  Made  on  May  25,  26  and  27,  1921. 

Solar  Altitude,  40°. 


Azi- 
muth 

Altitude  of  point  observed 

Zenith 
brightness 
ml. 

Measured 
illumina- 

from 
sun 

2° 

15° 

30° 

45° 

60° 

75° 

90° 

tion.  Verti- 
cal surface 

0 
0 

45 
90 

135 
180 

0.476 

0.439 
0.320 
0.342 
0-325 

0.715 
0.624 

0.433 
0.477 
0.475 

1.069 

0.835 
0.61I 
0.663 
0.670 

1. 174 
0.977 
0.722 
0.708 
0.641 

1. 166 
0.980 
0.936 
0.941 
0.806 

1. 173 
0.966 
0.929 
1. 102 
0.826 

1. 00 
1. 00 
1. 00 
1. 00 
1. 00 

2098 
2290 

2564 
2764 
2932 

978 
1026 
799 
725 
693 

Mean 

2530 

Horizontal  surface  illumination 

1718 

The  above  method  is  appliable  to  the  determination  of  the 
illumination  upon  vertical  surfaces  facing  in  any  desired 
direction,  provided  the  10°  zones  are  properly  chosen,  for  in- 
stance, as  in  Figs.  10  to  13,  inclusive,  except  that  one  half  the 
sum  of  the  products  above  named  is  to  be  multiplied  by  0.929  to 
obtain  the  illumination  in  foot-candles. 

Example.  The  data  in  Table  2  are  the  means  of  three  series 
of  readings  obtained  on  May  25,  26,  and  27th,  1921,  with  over- 
cast sky  conditions,  and  the  sun  40°  above  the  horizon.  Table  3 
illustrates  the  method  of  computing  the  illumination  intensity  on 
a  horizontal  surface,  and  on  vertical  surfaces  facing  180°  and  90° 
from  the  sun,  respectively,  from  charts  constructed  from  the  data 
of  Table  2. 

It  will  also  be  noted  that  the  measured  illumination  on  vertical 
surfaces  is  a  little  greater  than  the  computed,  perhaps  because 
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TABLE  3.     Illumination  Computed  from  Sky  Brightness. 
On  Vertical  Surface  180°  from  Sun. 


(J)  Com- 
puted from 
Kq.   I 

1          (3) 

(4)  =  (J)X 

(5)=(4)X 

(6)  (From 

(7)  =  (4)X 

(9)  =  (7) 

(I) 

From  chart 

(3) 

.929 

Pig.  II 

(6) 

y.929 

Sky  zone 
Dcffr<^cs 

Relative 

,.\vern^e 

Hor.  comp. 

Illumi- 

bhadiiig by  buildings  on 

from 

value 

sky  bright- 

of sky 

nation 

opposite  side  street 

normal 

ness 

brightness 

h  =  w 

0 

ml. 

ml. 

F.  C. 

per  cent. 

ml. 

F.  C. 

O-IO 

0.030 

949 

28.47 

lOO.O 

28.47 

10-20 

0.0S7 

1068 

92.92 

lOO.O 

92.92 

20-30 

0-133 

1      1230 

163.59 

lOO.O 

163.59 

30-40 

0.163 

:  1357 

221.19 

lOO.O 

221.19 

40-50 

0.174 

!    1460 

254-04 

81.9 

208.00 

50-60 

0.163 

i  1537 

250.53 

38.6 

96.90 

60-70 

0.133 

1672 

222.38 

195 

43-30 

70-80 

0.087 

1832 

159-38 

9-5 

15-10 

80-90 

0.030 

1828 

54.84 

3-2 

1-75 

Total 

1447-34      : 

Total 

871.22     1 

'-^  Total 

723.7 

672 

•/<  Total 

435-61 

405 

On  vertical  surface  90°  from  sun. 

On  horizontal  surface. 

Sky  brightness 

F.  C. 

(2)  Com- 
(i)          puted  f rora 
Kq.  I. 

(3) 
from  chart 

(4)=(2)X 
(3) 

(5)  =  (4)X 
.929 

(6J    From      '"'tJ'I.'-   , 

(6)  Vertical 

chart      <x)mponent 

V8)  =  (7) 
<.929 
Illumi- 

980 

1075 
1232 

1439 
I581 
1787 
1908 
2018 
2091 

29.40 
93-52 
163.S6 
234-56 
275-09 
291.28 
25376 
175-44 
62.73 

nation 

O-IO 

10-20 
20-30 
30-40 
40-50 
50-60 
60-70 
70-80 
80-90 

0.030 
0.087 

0.133 
0.163 

0.174 
0.163 

0.133 
0.087 
0.030 

1048 
1352 
1693 
1957 
2057 
2269 
2404 
2498 
2530 

31-44 
117.62 
225.17 
318.99 
357- 92 
369.85 
319-73 
217.48 

7590 

i 

Total 

1579-64 

2034.10 

1890 

]4  Total 

7S9.8 

734 

the  blackened  walls  of  the  photometric  shelter,  which  extend 
up  to  the  level  of  the  center  of  the  photometer  test  plate  when 
the  photometer  tube  is  horizontal,  reflect  from  2  to  3  per  cent  of 
the  light  that  falls  upon  them.  On  the  other  hand,  the  computed 
illumination  on  a  horizontal  surface  is  10  per  cent  greater  than 
the  measured ;  but  this  discrepancy  is  not  great  when  we  consider 
the  variations  in  sky  brightness  indicated  by  the  zenith  brightness 
measurements. 
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THE  SHADING  EFFECT  OF  HIGH  BUILDINGS 

In  Table  3,  in  connection  with  the  illumination  on  a  vertical 
surface  facing  180°  from  the  sun,  the  amount  of  skylight  excluded 
by  buildings  on  the  opposite  side  of  the  street  is  considered. 

Let  w  =  the  width  of  the  clear  street  space,  h  =  the  height 
to  which  opposite  buildings  extend  above  the  center  of  a  window 
that  is  under  consideration,  a  =  the  angle  between  a  line  normal 
to  the  window  surface  and  a  horizontal  line  drawn  to  a  point  p 
on  the  row  of  buildings,  and  6  the  angular  height  of  the  building 
above  the  point  p,  as  seen  from  the  center  of  the  window.     Then 

tan^=  —  /_N 

V  1  +  tan^  a  C2) 

Let  h  =  2w,  w,  and  ^w,  respectively,  and  let  the  row  of 
buildings  be  of  infinite  length.  We  obtain  the  following  relations 
between  a  and  6. 

a=     0°  10°   20°  30°  40°   50°   60°  70°  8o<^  90° 

li/w=2,  d=   63°.4  63°.!  62°.o  6o°.o  56°.9  52°.!  45°.o  34°. 4  19°.!  0° 

h/w=i,  0=45°,o  44°.6  43°. 3  4o°.9  37°-5  32°-7  26°.6  i8°.9  9°. 8  0° 

h/w  =  >^,  6'=  26°.6  26°. 2  25°. 2  23°. 4  21°. o  i7°.8  14°. o  9°. 7  5°.o  0° 

On  Figs,  9  and  10  the  area  below  the  broken  line  represents 
the  sky  area  cut  off  by  a  row  of  buildings  where  h  =  2w,  on  Fig. 
II  it  represents  the  sky  area  cut  off  by  buildings  where 
h  =  w,  and  on  Fig,  13  it  represents  the  area  cut  off  by  buildings 
where  11=  j^w. 

It  is  to  be  noted  that  any  obstruction  on  the  horizon  cuts  off 
the  portion  of  the  sky  that  is  most  efficient  for  lighting  vertical 
surfaces,  such  as  the  side  windows  of  buildings,  and  especially  if 
the  sky  is  clear. 

It  is  possible  to  extend  these  computations  so  as  to  determine 
the  illumination  resulting  from  exposure  to  any  known  area  of 
the  sky,  which  would,  of  course,  vary  with  the  character  of  the 
sky  and  the  time  of  day. 

The  reflection  of  light  from  ground  surfaces,  and  from  the 
walls  of  buildings  and  other  objects,  is  an  important  subject  that 
will  receive  future  consideration. 
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SUMMARY. 

From  measurements  of  sky  brightness  now  being  made, 
charts  are  prepared  showing  the  brightness  of  the  sky  under 
different  conditions  of  cloudiness  and  with  the  sun  at  different 
aUitudes. 

On  these  charts  the  sky  has  been  divided  into  ten-degree 
zones  concentric  about  the  zenith,  or  about  selected  points  on  the 
horizon-,  and  the  brightness  of  these  zones  determined  for  typical 
sky  conditions. 

It  is  shown  that  with  these  data  it  becomes  possible  to  com- 
pute the  illumination  resulting  from  sky  brightness  on  a  horizontal 
surface»and  on  vertical  surfaces  facing  the  selected  points  on  the 
horizon. 

A  method  is  also  shown  for  taking  account  of  the  shading 
effect  of  buildings  and  other  objects.  It  therefore  becomes 
possible  to  compute  for  average  sky  conditions  of  the  various 
types  the  illumination  that  results  from  exposure  to  any  given 
portion  of  the  sky  at  any  hour  of  the  day  or  season  of  the  year. 
The  standard  deviations  and  the  extreme  deviations  from  these 
mean  values  may  also  be  given. 

While  each  case  becomes  a  separate  and  distinct  problem,  it 
is  believed  that  for  the  more  important  industrial  centers  tables 
may  be  prepared  covering  a  majority  of  cases  that  will  arise,  and 
perhaps  differentiating  between  good  and  bad  illumination. 

ADDENDUM. 

Between  July  19  and  August  13,  inclusive,  1921,  measure- 
ments of  sky  brightness  and  the  intensity  of  daylight  illumina- 
tion were  made  by  the  Chairman  in  the  city  of  Chicago.  The 
observational  program  for  sky  brightness  measurements  was  the 
same  as  that  followed  at  Washington,  but  the  illumination 
measurements  were  confined  to  the  illumination  from  sunlight 
and  skylight  combined,  and  from  skylight  alone,  en  a  horizontal 
surface,  and  also  on  a  surface  normal  to  the  direct  solar  rays. 

Between  July  25  and  August  6,  inclusive,  the  measurements 
were  made  from  the  top  of  the  dome  of  the  Federal  Building, 
about  300  ft.  above  the  ground,  in  the  heart  of  the  Loop  District, 
and  about  two-thirds  of  a  mile  from  the  lake   front.     This  is 
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considered  the  smokiest  section  of  Chicago,  but  the  smoke  in 
summer  is  much  less  dense  than  in  winter.  However,  the  fall 
of  soot  on  the  Federal  Building  was  so  considerable  that  on  some 
days  it  was  necessary  to  clean  the  photometer  mirror  after  each 
series  of  readings. 

The  height  of  the  dome  was  such  that  only  an  occasional 
tower  or  flag-pole  obstructed  the  view  of  the  horizon  in  any 
direction. 

The  remaining  measurements  were  made  from  the  top  of  a 
square  tower  connecting  with  Rosenwald  Hall,  University  of 
Chicago.  This  tower  is  about  75  ft.  high,  one  mile  west  of  the 
lake,  3.5  miles  southeast  of  the  Union  Stock  Yards,  and  5  miles 
northwest  of  the  Pennsylvania  Railroad  Station  in  South  Chicago. 
Light  winds  from  either  of  these  latter  districts  bring  smoke 
over  the  University.  At  other  times  in  summer  the  air  is  com- 
paratively free  from  smoke,  and  on  some  days  the  sky  is  of  a 
deep  blue  color  nearly  to  the  horizon. 

The  sky  brightness  measurements  obtained  at  the  Univer- 
sity show  little  difference  from  the  Washington  measurements, 
except  that  the  horizon  is  slightly  darker,  especially  opposite  the 
sun  when  the  sky  is  clear.  The  measurements  made  at  the  Fed- 
eral Building,  however,  show  a  decided  darkening  of  the  horizon 
opposite  the  sun.  The  zenith  brightness,  and  the  brightness  in 
the  region  near  the  sun,  is  about  equal  to  that  shown  on  Figs. 
2  to  13,  inch,  for  Washington,  but  the  color  about  the  sun  is  a 
yellow-white,  instead  of  a  blue-white,  as  it  is  in  a  smoke-free 
atmosphere. 

In  order  to  show  the  effect  of  this  darkening  of  the  sky  by 
smoke,  I  have  computed  the  illumination  on  vertical  surfaces  fac- 
ing 90°  and  180°  in  azimuth  from  the  sun,  for  both  clear  and 
cloudy  skies,  first  for  Washington,  making  use  of  the  data  in 
Figs.  10  to  13,  inc.,  and  then  for  Chicago  from  similar  charts. 
The  charts  for  Chicago  were  constructed  from  the  mean  of  the 
measurements  obtained  at  the  Federal  Building  on  eight  cloud- 
less half -days,  with  the  sun  40°  above  the  horizon,  and  from  the 
measurements  obtained  with  a  cloudy  sky  on  the  morning  of 
Aug.  I,  with  the  sun  at  the  same  altitude.     This  was  the  only 
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half-day  on  which  readings  were  obtained  at  the  Federal  Build- 
ing with  the  sky  completely  covered  with  clouds.  Table  4  gives 
the  results. 

TABLE  4.     Illumination  of  Vertical  Surfaces  from  Sky  Brightness. 


Orientation  of  vertical  surfaces 

90°  from  sun 

180°  from  sun 

Place 

Wash- 
ington 

Chicago  (Federal 
Building) 

Wash- 
ington 

Chicago  ( Federal 
Building) 

Illumination  with 

clear  sky 

Ft-C. 
639 

Ft-C. 

559 

Ratio,  c  w 
0.875 

Ft-C. 
363 

737 

Ht-C. 
253 

Ratio,  c/w 
0.697 

Illumination  with 

cloudy  sky 

414 

0.548 

410 

0.556 

Note:— Ratio  c/w=Ratio  of  Chicago  Illumination  to  Washington  Illumi- 
nation. 


TABLE  5.     Means  of  Daylight  Illumination  Measurements. 


Solar 
altitude 

Solar  illumination 

Sky  illu 

mination 

Place 

Normal 
incidence 

On  hori- 
zontal 
surface 

Normal 
to  sun 

On  hori- 
zontal 
surface 

University 

0 
6 

Ft.  C. 

Cloudk 

1220 

Ft.  C. 
ss  sky 
205 

Ft.  C. 
545 

Ft.  C. 

339 

Universitv 
Federal  B'l'g 

22 

23 

5840 
3880 

1850 
1260 

I5S0 
1500 

912 
939 

University 
Federal  B'l'g 

41 

41 

6410 
6100 

4060 
3440 

i960 
2060 

1400 
1300 

University 
Federal  B'l'g 

University 
Federal  B'l'g 

60 
58 

20 
20 

7840 
8380 

Thin  c 
2260 

7130 

7590 

louds 

508 

1080 

2280 
1530 

1240 

2000 
1380 

1180 
1054 

University 
Federal  B'l'g 

40 
40 

4490 
5520 

3600 

3S40 

2790 
1620 

i860 

1540 

University 
Federal  B'l'g 

Universitv 
Federal  B'l'g 

56 
58 

20 

20 

5840 
4020 
Partly  cl< 

5220 

2270 

3udy  sky 

2740 
3IIO 

2530 
3250 

878 
1171 

Universitv 
Federal  B'l'g 

40 
40 

4740 

2500 
2310 

1720 

1470 
2200 

University 
Federal  B'l'g 

60 
60 

7620 
7390 

6290 
2820 

3380 
3050 

3220 
2820 
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It  thus  appears  that  vertical  surfaces  facing  opposite  the 
sun,  in  the  Loop  District  of  Chicago  in  summer,  receive  only 
two-thirds  the  daylight  they  would  if  the  sky  were  free  from 
smoke. 

Table  5,  which  summarizes  the  illumination  measurements 
on  a  horizontal  surface,  and  on  a  surface  normal  to  the  sun's 
rays,  shows  unimportant  departures  from  the  Washington 
measurements  except  that  the  solar  illumination  measurements 
at  the  Federal  Building  are  markedly  lower,  especially  with  low 
sun.  It  is  hoped  to  repeat  the  Chicago  measurements  under 
winter  conditions. 

The  utility  of  such  measurements  is  clearly  shown  by  the 
recent  unpublished  studies  of  Mr.  A.  Smirnoff,  Statistician  of  the 
Potomac  Electric  Power  Co.,  Washington,  D.  C,  from  which 
the  following  brief  abstracts  have  been  made  vvith  the  consent  of 
Mr.  Smirnoff,  and  of  Mr.  R.  B.  Patterson,  engineer  for  the 
company. 

The  District  of  Columbia  has  a  double  system  of  electrical 
supply :  alternating  current  for  the  greater  part  of  the  residen- 
tial section  and  direct  current  for  the  greater  part  of  the  business 
section.  There  is  a  comparatively  small  industrial  load  in  the 
District,  a  condition  favorable  to  a  study  of  the  relation  between 
daylight  and  load. 

It  has  been  found  that  during  the  day  in  the  business  section 
a  sudden  increase  in  current  consumption  occurs  when  the  day- 
light illumination  intensity  on  a  horizontal  surface  falls  below 
1500  ft.-c.  The  lower  the  intensity  the  higher  the  current  con- 
sumption, but  fluctuations  in  intensity  above  1800  ft.-c.  have  only 
a  neglible  effect. 

There  are  two  general  causes  of  decrease  in  daylight  illumi- 
nation: (i)  decreased  solar  altitude,  and  (2)  increased  cloudi- 
ness. 

With  reference  to  (i),  the  time  of  day  at  which  an  intensity 
of  1500  ft.-c.  is  reached  at  different  latitudes,  when  the  sky  is 
clear,  has  already  been  computed.^  While  we  expect  to  increase 
the  accuracy  of  these  computed  values,  Mr.  Smirnoff  has  already 
pointed  out  their  present  utility. 
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With  reference  to  (2),  the  greatest  interest  attaches  to  the 
rapid  diminution  in  dayHght  intensity  in  summer  in  connection 
with  severe  thunderstorms.  On  July  15th,  of  this  year  in  Wash- 
ington, shortly  before  3  p.  m.,  an  unusually  severe  storm  caused 
the  daylight  intensity  to  fall  rapidly  to  something  like  7  ft.-c. ; 
and  the  sudden  increase  in  load  was  probably  one  of  the  factors 
that  put  the  electric  power  plant  temporarily  out  of  commission. 
The  darkness  lasted  for  about  an  hour. 

In  cities  like  Chicago,  smoke  in  the  atmosphere  advances 
towards  noon  the  time  of  occurrence  of  a  deficiency  in  illumi- 
nation due  to  ( I ) ,  and  greatly  accentuates  the  deficiency  due  to 
(2)  at  all  seasons  of  the  year,  but  especially  in  winter,  by  an 
amount  that  may  be  computed  when  sufficient  data  have  l^ecn 
obtained. 

DISCUSSION 

E.  C.  Crittenden  :  In  discussing  the  papers,  it  seems  to  be 
customary  to  compliment  the  speakers,  and  I  think  we  can  most 
certainly  compliment  Dr.  Kimball  and  express  our  thanks  for  the 
contribution  which  he  has  made.  Any  of  you  who  have  had 
occasion  to  make  measurements  on  daylight  illumination  under 
varying  conditions  of  sky  and  cloud  will  know  that  the  data 
presented  must  represent  an  immense  amount  of  libor,  and 
labor  under  conditions  which  are  apt  to  be  very  discouraging, 
because  it  often  looks  as  if  you  were  not  getting  anything  at  the 
time. 

Compiling  these  charts  for  a  single  day  would  be  considerable 
of  a  job,  but  that  would  not  be  of  particular  value  because 
averages  must  be  obtained.  For  Washington  Dr.  Kimball  has 
taken  a  sufficient  number  of  days  to  get  rather  reliable  indications 
of  the  average  performance.  Of  course,  as  he  has  said,  the  data 
in  Chicago,  are  preliminary  data,  based  on  a  few  days'  measure- 
ments, but  even  these  results  are  a  valuable  contribution  to  our 
knowledge  of  the  subject.  Any  of  you  who  have  had  occasion  to 
deal  with  daylight  conditions  will  recall,  if  you  look  through  the 
Transactions  of  the  Society,  that  there  is  a  small  amount  of  defi- 

^Kimball,  Herbert  H  ,  Variations  in  the  Totnl  and  Luminous  Solar  Radiation  with 
Geographical  Position  in  the  United  States,  Monthly  IVealher  Rfz'inv,  r»'ov.  1919,  Vol.,  47, 
charts  16-18,  pp.  789-790. 
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nite  information  to  be  obtained,  and  this  contribution  is,  therefore, 
of  so  much  greater  value  because  of  filHng  a  void  of  that  kind. 

In  our  discussion  to-day,  it  has  been  repeatedly  emphasized 
that  the  best  artificial  light  is  that  which  resembles  most  closely 
daylight,  and  much  labor  has  been  spent  by  manufacturers  trying 
to  make  devices  w^hich  will  approach  daylight  in  color  and  other 
properties.  The  Society  might  be  reproached  for  the  fact  that 
we  have  paid  so  little  attention  to  the  effective  use  of  the  natural 
daylight,  that  the  reasons  for  this  condition  are  fairly  obvious. 
Most  of  us  are  more  concerned  with  the  production  of  light,  and 
the  use  of  light  thus  produced,  than  with  the  use  of  daylight,  and 
have  been  content  to  leave  to  others,  such  as  the  architects,  the 
use  of  daylight. 

However,  as  the  recognized  national  organization  dealing  with 
lighting,  we  do  have  a  considerable  responsibility  for  encouraging 
the  intelligent  use  of  natural  light.  As  some  of  the  diagrams  Dr. 
Kimball  has  shown  have  indicated,  these  problems  are  becoming 
more  and  more  acute,  as  in  our  congested  centers  our  buildings 
grow  higher  and  our  streets  relatively  narrower. 

Our  Committee  on  Lighting  Legislation  has  felt  compelled  to 
make  the  requirements  of  its  lighting  code  apply  to  natural 
lighting  as  well  as  to  artificial  lighting,  and  some  codes  already 
adopted,  I  believe,  have  attempted  to  correlate  the  requirements 
in  factories  with  the  conditions  of  sky  brightness.  In  order  to 
make  such  correlation  more  effective  we  must  have  more  data 
than  we  have  had  previously,  and  these  results  of  Dr.  Kimball's 
will  undoubtedly  be  of  value  in  this  connection.  He  has  also 
indicated  the  probable  value  to  power  companies  of  being  able  to 
foresee  a  little  in  advance  the  possible  rapid  rises  in  demands  for 
power  resulting  from  the  decrease  of  natural  light. 

The  Society  may  well,  therefore,  lend  its  influence  in  helping 
to  get  togethre  more  of  such  data.  I  mention  this  particularly 
because  as  has  been  intimated.  Dr.  Kimball  would  like  to  go  on 
to  collect  more  complete  and  satisfactory  data  in  Chicago  and 
other  industrial  centers.  He,  as  you  know,  is  from  the  Weather 
Bureau;  and  the  government,  like  every  organization  in  these 
times,  must  require  its  agencies  to  show  that  the  work  they  are 
doing  is  worth  while.  It  is  quite  possible,  therefore,  that  the 
influence  of  this  vSociety  in  expressing  an  opinion  regarding  the 
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value  of  such  work,  may  have  considerable  to  do  with  determining 
whether  this  work  can  be  accomplished.  I  do  not  know  whether 
It  IS  in  order  to  offer  any  resolution  in  this  meeting  but  such 
expression  of  our  appreciation  as  can  be  given  might  be  of  real 
value  to  Dr.  Kimball,  not  merely  in  showing  our  appreciation, 
but  in  helping  him  to  go  on  with  this  valuable  work. 

E.  L.  XiciioLS :  Mr.  Chairman  and  Gentlemen,  the  measure- 
ments which  the  Chairman  so  kindly  refers  to  are  so  different  in 
scope  from  these  systematic  and  far-reaching  averages,  these 
statistical  measurements,  that  I  do  not  know  that  I  can  contribute 
anything  to  this  discussion. 

I  would  only  like  to  say  that  my  observation  consisted  in 
simply  running  through  the  spectrum  of  the  sky.  My  purpose  on 
that  occasion  was  not  to  secure  average  data  at  all,  nor  to  secure 
absolute  data,  but  to  see  whether  the  light  reflected  from  the  sky 
was  appreciably  modified  by  the  light  reflected  back  to  the  sk}^, 
from  earth,  and  then  from  the  sky  to  the  surface  of  the  earth 
again.  That  was  the  problem  which  I  set  myself  on  one  of  my 
long  vacations.  That  is  the  reason  why  the  measurements  were 
made,  some  of  them,  at  sea,  some  on  the  snow  caps  of  the  Alps, 
some  on  the  Desert  of  Sahara,  and  some  where  I  was  surrounded 
by  the  green  foliage  and  pastures  of  the  Swiss  Mountains. 

It  became  evident,  in  the  course  of  these  observations,  that  the 
character  of  the  surrounding  soil  and  the  greenness  of  the  foliage 
did  very  materially  affect  the  light  received  from  the  sky.  But 
this,  I  take  it,  is  not  a  problem  which  interests  you  as  illuminating 
engineers  to  any  great  extent.  You  do  not  propose  to  paint  all 
the  roofs  of  the  city  of  such  a  color  as  to  modifv  davlight  for  the 
benefit  of  the  inhabitants. 

I  would  like  to  say,  however,  that  the  increasing  brightness  of 
illumination  from  the  sky  as  cloudiness,  increased  up  to  a  certain 
pomt  at  which  there  was  a  sudden  collapse  was  verv  marked  on  a 
number  of  occasions,  exactly  corresponding  with  what  was 
described  in  this  paper.  The  same  effect  had  also  been  described 
by  some  of  the  European  observers  a  good  deal  earlier.  Starting- 
with  sky  measurements  in  the  early  afternoon,  when  a  thunder 
storm  was  gathering,  one  would  find  the  brightness  increasing 
rapidly  up  to  a  certain  definite  point,  and  then  suddenly  dropping 
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ofF  to  a  low  value.  That  was  a  very  common  experience.  I 
sometimes  was  so  fascinated  by  this  experience  that  I  sat  in  the 
open,  making  measurements,  until  actually  driven  from  the  field 
by  the  downpour  that  followed.  This  growth  of  brightness  occurs 
whenever  there  is  a  gathering  of  moisture  in  the  afternoon,  and 
it  is  apparent,  in  fact,  quite  apparent,  before  the  cloud  forms 
begin  to  be  visible.  You  begin  to  notice  it  in  the  instrument 
before  you  are  aware  that  the  sky  is  clouding  up.  It  is  a  very 
interesting  phenomenon. 

Commenting  upon  Mr,  Crittenden's  remarks  that  these  things 
ought  to  be  shown  to  be  of  practical  value  in  order  that  they  may 
have  the  backing  and  support  necessary  to  continue  them,  I 
would  like  to  say  that  there  is  a  little  peculiarity  of  the  spectrum 
of  the  sky  which  I  noted  in  the  course  of  these  measurements  on 
such  days  as  that  which  I  have  spoken  of,  where  a  thunder  storm 
was  gathering,  and  where  there  was  generally  more  or  less  violent 
disturbance  toward  sunset,  in  which  I  was  very  much  interested 
and  about  which  I  was  considerably  skeptical  myself;  so  much 
so  that  I  hesitated  very  much  to  publish  the  curves.  I  finally  put 
them  into  the  papers  which  I  afterwards  published  on  this  subject, 
with  considerable  reservation  in  my  own  mind  and  hardly 
expected  that  they  would  be  generally  accepted.  The  phenomenon 
consisted  of  marked  absorption  of  blue  and  violet,  so  that  you 
have  a  crook  in  the  curve  showing  a  certain  absorption  band,  out 
near  the  end  of  the  visible  spectrum.  That  was  something  which 
began  along  about  noon  on  certain  days  especially  in  the  mountain 
climates,  and  increased  steadily  up  to  the  time  when  showers 
occurred.  It  was  also  visible  at  times  when  the  actual  showers 
did  not  come,  but  it  was  indicative  of  certain  types  of  weather. 
I  had  pretty  nearly  forgotten  about  the  effect  myself  when  Pacini, 
who  made  many  measurements  of  the  sky,  in  Italy,  repeated  and 
confirmed  that  particular  peculiarity  of  the  spectrum.  He  indi- 
cated in  his  papers  that  studies  of  sky  spectra,  might  be  used  for 
short  time  forecasting  of  what  was  going  to  happen  later  that  day. 
When  this  developement  occurs  in  the  forenoon,  you  can  pretty 
well  predict  what  that  afternoon  in  going  to  furnish  in  the  way 
of  weather. 

I  don't  suppose  that  our  weather  bureau  will  take  up  anything 
of  that  kind,  but  I  wish  to  point  out  that  little  peculiarities  which 
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the  observer  finds  and  does  not  see  any  particular  bearing  or 
meaning  to,  may  ultimately  be  of  some  practical  importance. 

There  is  one  other  thing  I  wanted  to  say  for  the  benefit  of 
some  who  may  have  had  my  data  and  who,  discarded  them  because 
they  failed  to  match  similar  measurements  which  were  being  made 
in  this  country.  The  skies  which  I  measured  in  the  course  of 
the  summer,  of  1906-07,  did  not  at  all  correspond,  as  regards  the 
blueness  of  the  daylight,  with  what  other  observers  were  getting. 
The  discrepancy  was  very  serious  and  could  not  be  explained  at 
the  time  but  it  was  explained  shortly  afterwards  by  one  of  the 
meteorologists  in  the  Weather  Bureau  at  Hamburg,  namely :  that 
during  that  particular  season  on  the  continent  of  Europe  there 
had  been  a  vast  amount  of  volcanic  dust  in  the  air.  It  gave  a 
yellowish  cast  to  the  daylight  all  through  that  year. 

Louis  Bell  :  May  I  just  add  to  the  very  interesting  remarks 
of  Dr.  Nichols  that  a  few  years  ago  I  was  examining  the  polar- 
iscopic  phenomena  of  the  sky  and  observed  rather  a  strong  cor- 
relation between  the  polarization  of  the  sky  and  what  might  come 
after  it.  I  was  observing  in  a  mountain  country  with  a  Savart 
polariscope  and  time  after  time,  during  the  weeks  I  was  observing, 
when  I  was  searching  around,  looking  over  various  parts  of  the 
sky,  far  down  the  valley  I  could  pick  up  strong  polarization  of 
the  sky.  In  the  course  of  a  few  hours,  the  wind  coming  up  the 
valley  would  bring  something  that  was  very  noticeable  in  the  way 
of  weather.  One  could  descry,  out  on  the  horizon,  looking  through 
a  good  many  miles  of  atmosphere,  the  gathering  nucleation  of  the 
air  that  showed  polarization  first  and  afterwards  resulted  in 
sudden  change  in  the  weather. 

I  think  the  polariscope  is  not  a  general  solvent  of  meteoro- 
logical difficulties  but  certainly  it  shows  local  conditions  of  the 
atmosphere  in  a  very  striking  way,  local  conditions  that  may  have 
considerable  bearing  on  what  happens  in  the  next  six  or  twelve 
hours. 

F.  C.  Caldwell  :  As  you  know,  one  of  the  problems  of  our 
university  men  is  getting  subjects  for  investigation  or  research 
for  the  students.  It  occurred  to  me  that  possibly  this  work  of 
Dr.  Kimball's  might  be  useful  to  us  in  that  way.  We  might  be 
useful  to  Dr.  Kimball  in  his  movement.     I  am  wondering  whether 
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there  might  be  a  phase  of  this  that  could  be  advantageously  taken 
up  at  different  points  of  the  country,  in  connection  with  the 
student's  research  work,  and  continued  from  year  to  year. 

I  might  say  that  the  Committee  on  Education  of  the  Society 
has  had  in  mind  this  matter  of  suggesting  research  subjects  to 
the  various  educational  institutions  who  are  interested  in  the  work 
of  our  Society. 

A.  Iv.  PowEiviy :  I  have  had  the  experience  common  to  most 
of  us  of  searching  for  data  on  daylight  intensities  and  being 
disappointed  in  the  dearth  of  good  material.  I  wish  to  express 
further  personal  appreciation  of  Dr.  Kimball's  paper  and  for  the 
wealth  of  information  he  has  given  us. 

I  experienced  a  rather  amusing  coincidence  last  summer. 
Returning  to  the  office  one  day  after  lunch,  I  noticed  that  an 
extremely  high  intensity  seemed  to  prevail.  We  immediately 
made  some  measurements  with  two  photometers  on  the  roof  of 
one  of  the  buildings  at  Harrison,  N.  J.  and  found  an  average 
value  of  1 1,600  foot-candles.  On  returning  to  the  office  I  chanced 
to  glance  at  the  calendar  and  noted  that  it  was  June  20  and  my 
watch  showed  slightly  after  one  o'clock  daylight  saving  time. 
Thus  we  happened  to  obtain  1  reading  at  noon  on  the  day  with 
the  sun  at  its  highest  elevation. 

F.  E.  Cady  :  Like  the  previous  speakers  I  cannot  help  ex- 
pressing my  admiration  for  the  amount  of  work  that  is  represented 
by  these  data.  Anybody  who  is  conversant  with  photometric 
procedure  and  knows  the  labor  involved  even  in  the  simplest 
measurements  will  appreciate  what  these  figures  must  mean 
in  the  time  and  effort  required  both  in  their  acquisition  and 
preparation. 

There  are  two  features  of  the  paper  which  I  should  like  to 
comment  on.  In  the  first  place,  I  would  call  attention  to  the 
actual  magnitude  of  the  figures  in  Table  I,  giving  the  illumina- 
tion produced  by  sunlight,  running  as  high  as  9,000  foot  candles, 
I  refer  to  this  because  some  years  ago  I  attempted  to  produce 
artificially  in  a  sheltered  spot  the  same  illumination  as  that  on 
an  adjoining  spot  exposed  to  full  sunlight.  At  that  time,  I 
measured  the  illumination  desired  and  found  it  in  the  neighbor- 
hood of  9,000  foot  candles.     By  using  a  concentrated  filament 
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high  candlcpower  lamp  in  a  concentrating  reflector  and  not  far 
from  the  ground.  I  was  able  to  reach  this  illumination  but 
only  over  a  relatively  small  area.  This  brought  home  to  me  more 
vividly  than  ever  before  the  relatively  enormous  illumination 
values  which  we  encounter  out  of  doors  in  ordinary  summer 
w^eather. 

And  this  brings  me  to  the  second  point  which  the  paper 
illustrates  indirectly,  and  that  is  the  marvelous  adaptability  of 
the  eye  whereby  we  are  enabled  to  pass  from  the  high  illum- 
inations outdoors  to  the  five  or  ten  foot-candle  values  indoors 
and  still  be  able  to  see  clearly  and  distinctly. 

H.  H.  Kimball:  (In  reply,)  I  think  not  much  needs  to  be 
said  in  closing.  Dr.  Nichols  refers  to  the  reflection  from  clouds, 
and  the  increase  in  illumination  as  a  thunderstorm  is  gathering. 
We  have  published  some  beautiful  automatic  records,^  and  I  wish 
that  you  might  see  them.  As  a  cloud  approaches  the  sun  there 
is  intense  reflection  from  it,  and  if  the  sky  is  still  clear  above 
the  sun,  this  reflected  light  is  added  to  that  already  being  received 
from  the  sun  and  sky.  This  increase  sometimes  amounts  to 
as  much  as  fifteen  or  twenty  per  cent,  and  in  winter  to  even 
fifty  per  cent. 

I  am  wondering  how  much  atmospheric  absorption  had  to  do 
with  those  bands  he  refers  to.  We  know  that  the  atmosphere 
absorbs  in  certain  spectrum  bands.  I  am  not  certain  that  this 
band  of  his  corresponds  to  any  of  the  atmospheric  absorption 
bands.  In  Washington  we  make  a  great  many  measurements  of 
solar  radiation  intensity  in  heat  units.  If  on  a  clear  morning  there 
is  intense  atmospheric  absorption  and  the  heat  measurements  are 
low,  we  usually  predict  that  at  a  certain  time  cumulus  clouds 
will  form,  and  we  are  able  to  approximate  the  time  rather 
accurately. 

With  regard  to  Dr.  Bell's  comment  on  a  relation  between  the 
polarization  of  skylight  and  the  weather,  such  a  relation  has 
been  noticed.  We  make  polarization  measurements  on  every  clear 
day  at  the  point  of  maximum  polarization,  which  is  about  ninety 
degrees  from  the  sun,  and  in  his  vertical.  The  polarization  of 
the  skylight  does  not  vary  much  with  the  amount  of  moisture  in 

>Kimball,  H.  H.,  and  Miller,  E.  R.The  Influence  of  Clouds  on  the  Distribution  of  Solar 
Radiation.     Bulletin  Mt.  Weather  Obsy.  Vol.  5,  p.  166-172. 
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the  atmosphere,  but  does  vary  with  the  dustiness  or  haziness 
of  the  atmosphere.  When  insipient  condensation  sets  in,  form- 
ing water  drops,  the  polorization  is  greatly  diminished.  If  on 
a  clear  morning  the  percentage  of  polarization  of  skylight  is  low 
we  have  learned  to  expect  a  cloud  sheet  before  night.  The 
forecasters  have  not  been  able  to  use  these  observations  in  any 
systematic  way,  however. 

One  of  the  speakers  refers  to  the  brightest  time  of  the  year, 
and  sets  that  time  as  the  20th  of  June.  I  would  beg  to  differ 
with  the  speaker.  There  are  two  or  three  reasons  why  we 
should  not  expect  the  20th  day  of  June  to  be  the  brightest  day. 
First,  because  the  sun  is  then  at  nearly  its  maximum  distance 
from  the  earth.  The  variation  in  the  sun's  brightness  due  to 
variation  in  distance  from  the  earth  is  about  seven  per  cent. 
Second,  the  moisture  content  of  the  atmosphere  has  a  marked 
influence  upon  the  brightness  of  the  sun.  The  moisture  content 
in  June,  while  not  as  great  as  in  August  or  July,  is  much  greater 
than  in  April  or  May ;  and  the  greatest  solar  radiation  intensity 
that  we  have  ever  measured  in  Washington  was  in  the  month  of 
April,  not  in  June. 

Mr.  Cady  referred  to  the  wonderful  adaptibility  of  the  eye 
to  different  light  intensities.  We  have  found  by  experiment 
that  one  is  able  to  read  coarse  print  by  moonlight,  which  has 
an  intensity  of  about  two  one-hundredths  of  a  foot-candle,  and 
to  carry  on  outdoor  occupations,  such  as  driving,  when  the 
illumination  is  only  about  four-tenths  of  a  foot-candle.  We  are 
also  able  to  work  without  much  trouble  at  high  noon  in  summer, 
when  the  illumination  approaches  10,000  foot-candles.  In 
this  latter  case,  however,  we  do  shield  our  eyes  from  the  direct 
light  of  the  sun. 

Replying  to  Prof,  Caldwell.  There  is  every  opportunity  for 
co-operation  in  sky  brightness  measurements  by  educational  in- 
stitutions. Any  institution  that  has  a  photometer  can  make 
measurements  that  will  be  of  value  in  this  research.  If  it  has 
a  spectro-photometer,  the  measurements  will  be  of  special  value 
since  we  have  not  yet  been  able  to  measure  daylight  qualitatively 
in  a  systematic  way.  Such  measurements  would  be  of  special 
interest,  and  I  think  are  such  as  students  can  well  make. 
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C.  F.  Scott:  In  view  of  the  relative  importance  of  sunlight 
as  compared  with  artificial  light  to  which  our  attention  is 
directed,  and  in  view  of  the  fact  that  the  Government  depart- 
ment is  making  these  investigations,  I  move  that  the  question  of 
an  expression  on  the  part  of  the  Society  to  the  Weather  Bureau 
in  connection  with  matters  of  this  kind,  be  referred  to  the  Coun- 
cil of  the  Society  for  consideration. 

(The  motion  was  seconded  by  Dr.  Bell  and  referred  by  the 
Convention  to  the  Council  of  the  Society.) 
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INCANDESCENT    LAMP    TEMPERATURES    AS 
RELATED  TO  MODERN  LIGHTING  PRACTICE* 


BY  che;ste;r  l.  dows  and  willard  c.  brown.** 


Operating  temperatures  of  incandescent  lamps,  both  bare  and 
in  the  numerous  types  of  reflecting  and  diffusing  equipments 
offered  for  use  with  them,  have  been  the  subject  of  much  dis- 
cussion, particularly  since  the  introduction  of  the  gas-filled  lamp. 
Occasionally  a  poorly  designed  lighting  unit  has  been  placed  upon 
the  market,  with  the  result  that  trouble  has  been  experienced  with 
one  or  more  of  its  various  parts  due  to  high  temperature.  Then, 
too,  the  interpretation  of  the  various  sections  of  the  National 
Electrical  Code  pertaining  to  lighting  unit  temperatures  has  been 
the  source  of  much  conflict  of  opinion.  The  determination  of 
what  temperatures  are  permissible,  and  what  temperatures  are 
positively  dangerous  under  various  conditions  of  operation  is  also 
a  much  debated  question.  The  effect  of  ventilation  in  a  lighting 
unit  is  a  favorite  point  for  argument. 

This  paper,  which  is  based  upon  experimental  work  carried 
on  over  a  period  of  years,  is  intended  to  clear  up  many  questions 
on  the  operating  temperatures  of  incandescent  lamps  which  have 
heretofore  been  in  doubt.  The  material  presented  is  divided  into 
four  main  parts : 

First — Temperatures  of  incandescent  lamps  operated  without 
reflecting  and  diffusing  equipments ; 

Second — Temperatures  of  incandescent  lamps  operated  with 
reflecting  or  diffusing  equipments ; 

Third — Ventilation  vs.  non-ventilation; 

Fourth — Suggestions  on  the  use  of  incandescent  lamps  in 
interiors  which  present  special  temperature  problems. 

*A  paper  presented  at   the  Annual  Convention   of    the  lUuminating   Engineering 
Society,  Rochester,  N.  Y.,  September  26-29,  1921. 

♦♦Engineering  Department.  National  I<amp  Works  of  General   Electric  Co.,  Cleve- 
land, Ohio. 
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PART  I— TEMPERATURES  OF  INCANDESCENT 

LAMPS  OPERATED  WITHOUT  REFLECTING 

OR  DIFFUSING  EQUIPMENT. 


FILAMENT  TEMPERATURES. 


The  incandescent  lamp  emits  light  by  virtue  of  the  fact  that  it 
contains  a  filament  which  is  operating  at  a  temperature  sufficient 
to  make  it  incandescent.  The  temperature  at  which  the  lamp 
filament  may  safely  be  operated  depends,  among  other  things, 
upon  the  material  of  which  it  is  composed.  The  melting  point 
of  tungsten  is  6156  degrees  Fahrenheit  (3675°  Kelvin).  Con- 
trary to  the  popular  opinion,  the  relatively  high  temperature  at 
which  tungsten  filament  can  be  operated  is  possible  not  alone 
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Fig.    I. — Relation   of   filament   temperature   to   lumens   per   watt. 

because  of  its  high  melting  point  but  also  because  of  its  ability 
to  resist  disintegration  when  heated  to  incandescence.  The  use 
of  an  inert  gas  within  the  bulb,  cutting  down  the  rate  of  filament 
evaporation,  together  with  a  coiled  filament,  giving  the  effect  of 
a  much  larger  filament  wire,  permits  a  materially  higher  operating 
temperature  in  the  gas-filled  than  is  possible  in  the  vacuum  lamp. 
Figure  I  shows  graphically  the  relation  between  the  filament 
temperatures  and  specific  output  in  lumens  per  watt  for  the 
vacuum  and  gas-filled  lamps. 
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Table  i  compares  the  filament  temperatures  of  the  plain 
carbon,  metallized  carbon,  vacuum  tungsten  and  gas-filled  tungsten 
lamps.  It  will  be  noted  that  the  gas-filled  lamps,  particularly 
those  of  higher  efficiency,  operate  at  filament  temperatures  con- 
siderably higher  than  those  of  the  vacuum  lamps. 


TABLE  No.  I— Filament  Temperatures  of  Incandescent  Lamps* 

I^amp 

Approximate 
lumens  per  watt 

Approximate 

filament  temperature 

Deg.  F. 

50-watt  Carbon 

3-3 

3350 

50-watt  Gem 

4.1 

3470 

50-watt  Tantalum 

4-9 

3430 

40-watt  Vacuum 

9-9 

3860 

loo-watt  Gas-filled 

T2.6 

4370 

200-watt  Gas-filled 

15-5 

4600 

500-watt  Gas-filled 

17.4 

4750 

looo-watt  Gas-filled 

19.6 

4910 

looo-watt  Gas-filled 

24.1 

5250 

(Stereopticon) 

900-watt  Gas-filled 

(Motion  picture) 

26.2 

5390 

ENERGY  DISTRIBUTION   IN   TUNGSTEN   LAMPS. 

Observations  will  show  that  the  air  in  the  vicinity  of  an  un- 
shielded, uncovered  gas-filled  lamp  is  hotter  than  that  near  a 
vacuum  lamp  of  equal  wattage. 

The  principal  cause  of  this  difference  in  local  temperatures 
is,  essentially,  that  the  gas  content  of  the  lamp  is  not  only  a  con- 
ductor of  heat  but  allows  heat  convection  to  the  bulb  surface; 
the  relatively  high  vacuum  within  the  bulb  of  the  other  lamp  per- 
mits of  little  or  no  heat  conduction  or  convection.- 

The  approximate  relative  distribution  of  energy  within  a 
ICG-watt  vacuum  and  a  loo-watt  gas-filled  lamp  is  given  in  Table 
2 ;  a  graphical  presentation  of  these  data  appears  in  Fig.  2.  It  is 
seen  that  the  energy  expended  in  local  heating  in  the  case  of  the 
gas-filled  lamp  is  greater  than  in  that  of  the  vacuum  lamp  in  ap- 

*Journal  of  Fianklin  Institute^  Vol.   192,  p.  109,  1921. 
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proximately  the  ratio  of  3  to  i.  This  i,Mcater  local  heating  causes 
higher  operating  temperatures  on  the  bulb  surface,  at  the  base  of 
the  bulb,  in  the  socket  and  lead-in  wires,  and  upon  the  surface  of 
the  reflecting  equipment  within  which  the  lamp  may  be  burned. 

TABLE  No.  2. —Distribution  of  Energy  within  loo-watt  Tungsten  Lamps 


Heat  lost  through  gas  in  bulb  (conduction 

and  convection) 
Heat  lost  through  lead-in  wires  and  supports 

(conduction) 
Heat  radiation 
Light  radiation 


Total  local  heating 
Total  radiation 


Vaciiiim 
Per  cent  of 
tot.ll  enerjfy 


8 

86 

6 


100% 

8 
100% 


Gas  filled 
Per  cent  of 
tol.il  encrjry 


20 

5 
67 


100% 


VACUUM        GAS- FILL  ED 

HEAT-S'JPP0RT5  AND   LEADS 


HEAT- RADIATION 


i-i  GHT  Fsy^ 


6«t 


HEAT -GAS  CONVECTION 
KEAT- SUPPORTS  At40  LEADS 


HEAT- RADIATION 


ift^'   Ul  GMT 


^''S-    2- — Distiibution    of    energy    within    loowatt    lamps. 


EFFECTS   OF   EXCESSIVE    TEMPERATURES   ON    LAMPS 
AND    ACCESSORIES 

With  the  standards  of  lamp  design  and  manufacture  in  their 
present  state  of  advancement,  operating  troubles  due  to  the 
higher  temperatures  of  gas-filled  lamps  are  rarely  encountered. 
It  is  only  in  extreme  conditions  of  improper  usage  that  serious 
difficulties  are  likely  to  arise.  Experience  has  shown  that,  almost 
invariably,  such  difficulties  are  the  result  of  unusual  practices  or 
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combinations  of  outside  influences  which  either  through  negli- 
gence or  ignorance  are  allowed  to  persist.  The  principal  effects 
of  excessive  operating  temperatures  with  corrective  measures 
taken  to  avoid  them  are  here  enumerated  and  briefly  discussed. 

BLISTERING  01?  TIIK  BULB. 

Blistered  bulb  is  caused  by  the  glass  softening  under  high 
temperature,  a  bubble  being  formed  on  the  bulb  from  the  pressure 
of  the  gas  within.  The  glass  used  for  bulbs  in  the  regular  vacuum 
and  gas-filled  lamps  will  soften  if  subjected  to  excessive  tempera- 
ture. There  appears  to  be  no  definite  bulb  temperature  below 
which  it  is  safe  to  assume  that  the  glass  will  not  soften  or  above 
which  it  can  be  stated  that  a  blister  will  be  formed.  The  tempera- 
ture at  which  softening  occurs  depends  upon  too  many  variables, 
such  as  the  particular  melt  of  glass  in  question,  the  thickness  at 
the  point  considered,  the  position  of  burning  of  the  bulb,  etc. 
When  the  bulb  is  operated  tip  up  or  in  a  horizontal  position,  a 
blister  may  occur  at  the  top,  or  on  the  bowl  of  the  bulb  above  the 
filament,  at  temperatures  which  would  produce  no  harmful  effect 
if  obtaining  at  the  neck  of  the  bulb  when  operated  tip  down.  A 
higher  temperature  is  usually  required  at  the  neck  to  produce  a 
blister  when  the  lamp  is  operated  tip  down  than  is  required  for  a 
blister  at  the  tip  with  the  same  lamp  operated  tip  up.  A  very 
general  figure  for  the  region  where  ordinary  bulb  glass  has  been 
found  to  soften  would  be  600°  F. 

From  the  point  of  view  of  local  heating,  it  is  preferable  to 
operate  the  lamp  tip  down,  except  where  the  lamp  is  designed  for 
tip-up  operation.  The  hot  gases  always  rise  to  the  top  regardless 
of  the  position  of  operating  and  the  shape  of  the  bulb,  with  its 
tapering  neck  and,  in  large  sizes,  mica  disc,  is  designed  to  take  care 
of  the  heat  when  operated  tip  down.  When  tip-down  lamps  are 
operated  tip-up,  for  example,  the  location  of  the  maximum  temper- 
ature zone  is  shifted  to  the  tip,  and  the  temperature  here  is  some 
thirty  per  cent  higher  than  that  found  at  the  neck  (maximum 
temperature  zone)  with  the  lamp  operated  tip  down. 

Where  exceedingly  high  temperatures  are  to  be  met  with,  as, 
for  example,  in  the  gas-filled  motion  picture  lamps,  the  bulb  is 
made  of  a  different  glass.  The  softening  temperature  of  this 
glass  is  very  much  higher  than  that  of  the  ordinary  glass.     This 
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allows  the  bulb  to  withstand  the  much  higher  temperatures  with 
reasonable  safety. 

LOOSENING  OF  THE  BASE. 

The  temperature  at  which  the  basing  cement  will  soften  and 
allow  the  bulb  to  loosen  at  its  base  depends  upon  many  factors, 
and  it  will  be  ditiicult  to  attempt  to  fix  any  definite  critical  value. 
The  point  considered  for  measurement  of  operating  temperatures 
here  is  the  junction  of  the  brass  and  the  glass  of  the  bulb.  Cases 
of  loose  base  have  occured  frequently  where  the  temperature  of 
this  point  exceeded  400°  F.  In  well  designed  units,  however,  the 
operating  temperature  at  this  point  is  considerably  below  this 
figure  and  therefore  is  well  within  safe  limits. 

MELTING  OF  THE  SOLDER. 

A  high  operating  temperature  may  in  extreme  cases  cause 
softening  of  the  solder  used  to  secure  the  lead-in  wires  to  the  base. 
Since  the  melting  point  of  solder  is  dependent  upon  its  com- 
position, the  kind  of  solder  used  determines  the  danger  point  for 
it.  A  curve  showing  the  melting  points  of  different  compositions 
of  solder  will  be  found  in  the  x\ppendix,  Fig.  7.  Trouble  of 
this  kind  was  encountered  in  the  early  development  of  the  high- 
current  motion  picture  lamp.  Due  to  an  imperfect  base  contact 
in  the  socket,  excessive  heat  may  be  developed.  A  welding  pro- 
cess has  been  developed,  however,  whereby  the  lead-in  wires  are 
welded  to  the  base.  This  does  away  with  any  danger  of  the  con- 
nection at  this  point  loosening  during  operation  either  from  high 
surrounding  temperature  or  poor  contact. 

DETERIORATION  OF  WIRING  NEAR  THE  SOCKET. 

The  Underwriter's  National  Electrical  Code  states  that  slow- 
burning  wire  shall  be  used  in  a  fixture  or  unit  where  the  tempera- 
ture of  the  wire  is  in  excess  of  120  degrees  Fahrenheit.  This 
temperature  is  sometimes  exceeded  in  practice,  even  in  units  of 
comparatively  low  wattage.  Careful  design  of  a  unit  will,  how- 
ever, materially  lower  the  wire  temperature. 

Both  the  mechanical  and  electrical  properties  should  be  con- 
sidered when  investigating  the  durability  of  insulation,  especially 
when  temperature  is  involved.  There  seems  to  be  no  exact  re- 
lation between  the  dielectric   insulating  quality  of  rubber  wire 
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Fig.  3 —Temperature  gradient  on  bulb  for  loo-watt  gas-filled  lamp  by  change  of  lesis- 
tance  method. 

insulation  and  the  time  that  it  has  been  subjected  to  a  certain 
temperature.  When  weak  spots  appear,  they  do  so  at  irregular 
intervals. 


de:te;rioration  of'  socket  parts 

There  has  been  considerable  discussion  as  to  the  heat  re- 
sisting qualities  of  the  standard  brass  shell  socket,  having  a  lining 
of  impregnated  paper.  From  a  temperature  standpoint,  the 
weakest  element  in  a  key  socket  is  the  composition  forming  the 
key  although  excessive  temperature  may  also  cause  charring  of 
the  paper  insulating  shell,  and  softening  of  the  wax  used  to  cover 
the  screw  heads.  Extensive  tests  conducted  on  brass  shell  sockets 
equipped  with  various  types  of  shades  and  reflectors,  with  the 
household  sizes  of  gas-filled  lamps,  indicate  that  it  is  practically 
impossible  to  push  the  operating  temperatures  of  the  various 
points  of  the  socket  high  enough  to  cause  physical  damage  to  the 
socket.  Even  with  the  most  unfavorable  design  of  shade  or  re- 
flector, from  the  standpoint  of  heat,  the  operating  temperatures 
of  the  vulnerable  parts  of  the  socket  are  within  the  limits  of  safety. 

The  1918  edition  of  the  National  Electrical  Code  contained 
the  following  clause : — "Gas-filled  incandescent  lamps — if  of 
above  loo  watts,  must  not,  if  provided  with  a  shade,  reflector, 
fixture  or  other  enclosure  above  the  socket,  be  used  in  either 
medium  or  mogul  base  types  of  sockets  or  receptacles  having 
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fibre  or  paper  linings."     This  provision  has  been  eliminated  in 
the  present  (1920)  edition  of  the  Code. 

BULB  TEMPERATURE  DATA. 

In  obtaining  temperature  data,  as  in  taking  other  measure- 
ments on  incandescent  lamps,  it  is  necessary  to  consider  the 
average  of  several  tests,  for  the  operating  temperatures  of  lamps 
of  the  same  wattage  and  type  differ  somewhat  on  account  of 
manufacturing  variations  in  thickness  of  the  glass,  gas  pressure 
within  the  bulb,  temperature  and  humidity  of  the  surrounding 
atmosphere,  etc.  Lamps  of  a  given  wattage  and  type  will 
generally  agree  within  8  per  cent  at  the  same  point  of  measure- 
ment. 

Table  3  gives  representative  operating  temperatures  of 
various  tungsten  lamps,  operated  bare,  tip  down,  in  a  room  at  ordi- 
nary temperature.  The  values  given  are  the  averages  for  several 
tests.    The  lamps  were  in  each  case  operated  at  rated  wattage. 

EFFECT   OF   BULB    BLACKENING    UPON    BULB    TEMPERATURES. 

There  is  some  rise  in  the  bulb  temperature  of  a  lamp  as  it 
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Pig.    4. Temperature    gradient    in    air    for    loo-watt    gas-filled    lamp    (measurements 

taken    opposite    filament)    by    thermometer    method. 

becomes  blackened  during  the  latter  portion  of  its  life.  As  the  bulb 
discolors,  more  radiant  energy  is  absorbed  by  the  glass  at  the  bulb 
surface,  and  the  temperature  at  that  point  rises. 

\\'hen  operated  tip  down,  the  blackening  occurs  about  the 
neck ;  when  operated  tip  up,  blackening  occurs  at  the  tip.  In  either 
case,  the  increase  in  temperature  due  to  bulb  discoloration,  is 
most  noticeable  in  the  maximum  temperature  zone. 
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Tests  have  shown  that  the  rise  in  bulb  temperature  in  a  con- 
siderably blackened  bulb  after  1,000  hours  of  operation  is  of  the 
general  magnitude!  8  per  cent. 

TABLE  No.  3 — Operating  Temperatures  of  Tungsten  Lamps 


Types  of  lamp* 

Bulb 
size 

Temperature 
of  bulb 

(Maximum) 
Deg.  F. 

Temperature 

of  bulb 

opposite 

filament 

Deg.  F. 

Temperature 

of  bulb  at 

junction  of 

brass  &  glass 

Deg.  F. 

50- watt  Vacuum 

S-19 

153 

153 

113 

50-watt  White 

PS-20 

262 

188 

189 

75-watt  Gas-filled 

PS-22 

240 

175 

181 

loo-watt  Gas-filled 

PS-25 

262 

179 

183 

1 50-watt  Gas-filled 

PS-25 

338 

210 

150 

200-watt  Gas-filled 

PS-30 

330 

212 

171 

300-watt  Gas-filled 

PS-35 

297 

226 

175 

500- watt  Gas-filled 

PS-40 

379 

288 

196 

looo-watt  Gas-filled 

PS-52 

371 

243 

165 

75-watt  Daylight 

PS-22 

329 

262 

222 

loo-watt  Daylight 

PS-25 

320 

247 

192 

150-watt  Daylight 

PS-25 

379 

309 

176 

200-watt  Daylight 

PS-30 

339 

294 

179 

300-watt  Daylight 

PS-35 

385 

315 

198 

500-watt  Daylight 

PS-40 

424 

363 

218 

looo-watt  Ph'gr'ic 

PS-52 

363 

334 

318 

1500-watt  Ph'gr'ic 

PS-52 

541 

474 

269 

*Lamps  above  200  watts  are  fitted  with  mogul  screw  bases, 


EFFe:CT   of   voltage   upon    OPIERATING   TEMPERATURES. 

The  temperature  of  a  gas-filled  lamp  at  any  point  depends 
upon  the  voltage  impressed  upon  the  lamp.  If  this  voltage  is 
increased,  so  is  the  temperature  of  all  points  of  the  bulb  increased, 
and  vice  versa.  The  temperature,  however,  does  not  increase  or 
decrease  so  rapidly  as  does  the  voltage. 

A  thorough  investigation  has  been  carried  otit  to  determine 
the  exact  relation  between  voltage  and  operating  temperature  at 
the  three  j>oints  at  which  the  operating  temperatures  are 
ordinarily  considered.     The  curves  of  P'ig.  5  show  the  variation 
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of  temperature  with  voltage  for  gas-filled  lamps  (See  Appendix, 
for  Exponential   Equations). 

PART  II— TEMPERATURES  OF  INCANDESCENT 

LAMPS  OPERATED  WITH  REFLECTING 

AND  DIFFUSING  EQUIPMENT. 

The  1920  National  Electrical  Code  states  that  gas-filled 
lamps  must  be  equipped  so  that  any  exposed  surfaces  of  a  unit 
which  might  come  in  contact  with  inflammable  material  will  not 
have  a  dangerous  rise  in  temperature.  Fortunately,  ample  pro- 
tection in  this  respect  is  afforded  by  the  equipments  which  are 
used  to  redirect  and  diffuse  the  light. 

For  the  purpose  of  considering  their  operating  temperatures, 
the  various  types  of  lighting  equipment  have  been  grouped  as 
follows : 

I — Enclosed  units  of  the  type  in  common  use  in  ordinary 
interior  lighting; 

2 — Open  reflectors  of  the  type  in  common  use  in  ordinary 
interior  lighting; 

3 — Silk  shades  ; 

4 — Vapor-proof  units  ; 

5 — Street-lighting  units ; 

6 — Flood-lighting  units ; 

7 — Motion  picture  and  stereopticon  machines. 
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ENCI^OSKD  UNITS. 

In  Table  4  are  shown  typical  units,  with  corresponding 
comparative  data,  which  fall  within  this  group.  It  should  be 
noted  that  the  lamp  in  this  type  of  equipment  is  either  totally 
enclosed  or  nearly  so. 


UNIT 


m^ 


LAMP 


200-wATT 

DAYLIGHT 


500-WATT 
DAYLIGHT 


EOO-WATT 
DAYLIGHT 


200-WATT 
GAS-FILLED 


3O0-WATT 
GAS-FILLEO 


lOOO-WATT 
GA5-FILLED 


200 -WATT 
GASFILLE.C) 


300-WATT 
DAYLIGHT 


SOO-WATT 
CAS-FILLED 


SOO-WATT 
DAYLIGHT 


DEGREES    FAHRE.NHEIT 


OF 

(maximum) 


-492 


5^-Z. 


3es 


392 


36.5 


5S9 


324 


-4-5S 


530 


TEMPERATURE 


i&e> 


2-4.0 


1-4.0 


ITS 


174 


1-42. 


IS4. 


1-4.7 


les" 


rEMPCRATURE 
OF 

oppostTe 

FILAMEMT 


3.S>-4. 


43S 


345 


2;B4 


29S 


-4-74 


393 


494 


3"7e 


TEM  PERATURE 


2.5S 


sse 


zze> 


2.23 


3-4S 


2.7S 


343 


■232, 


Table    No.    4. — Operating    temperatures    of    various    enclosed    units. 


Enclosed  units  are,  of  course,  manufactured  in  many  styles 
and  designs,  in  some  of  which  provision  is  made  for  ventilation. 
It  has  long  been  assumed  that  ventilation  in  a  unit  of  this  type 
necessarily  results  in  lower  operating  temperatures  of  all  its 
parts.     This  assumption,  however,  is  not  borne  out  by  fact.     In 
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many  cases  it  is  f(niiul  ihat  units  dcsij,Tied  for  operating  wiilujiit 
ventilation  actually  run  lujtter  at  vital  points  when  provided  with 
openings  for  ventilation.  'I'he  important  point  to  be  remembered 
in  the  design  of  non-ventilated  units  is  that  the  heat  must  be 
dissipated  principally  by  radiation.  If  ample  radiating  surface 
is  provided,  heat  is  effectively  dissipated  in  all  directions.  Tests 
on  a  number  of  units  indicate  that,  as  a  rule,  the  wire  and  socket 
parts  of  a  well-designed  non-ventilated  unit  actually  run  cooler 
than  when  the  unit  is  ventilated  by  any  one  of  the  standard 
methods,  and  that  the  lamp  bulb  and  surrounding  glassware  are 
raised  slightly  in  consequence. 

The  increase  in  wire  temperature  because  of  ventilation  is 
generally  due  to  the  fact  that  ventilating  holes  direct  the  flow  of 
heated  air  in  such  a  manner  that  it  strikes  the  reflector  cap  or 
conduit,  or  flows  upward  along  their  surfaces.  It  appears  that 
about  the  only  types  of  units  in  which  ventilation  lowers  the  wire 
temperature  are  those  having  a  holder  of  relatively  large  diameter, 
w^ith  the  ventilating  spaces  in  the  holder  so  arranged  that  the 
heated  air  is  directed  out  away  from  the  holder  and  not  allowed 
to  flow  along  its  outer  surface. 

Ventilating  an  enclosed  unit  does  in  most  cases  lower  the 
bulb  temperatures.  In  a  well-designed  unit,  however,  whether 
ventilated  or  not,  the  bulb  operating  temperatures  are  well  within 
safe  limits  for  satisfactory  operation.  The  wire  is  usually  the 
point  at  which  greatest  attention  is  directed,  since  in  the  case 
of  a  unit  taking  a  lamp  with  a  medium-screw  base,  rubber-covered 
wire  is  allowed  by  the  Electrical  Code  only  when  the  temperature 
of  the  wire  does  not  exceed  120°  F. 

A  completely  enclosed  unit  may  be  made  dust  and  bug  proof, 
thus  gaining  a  distinct  advantage  from  the  standpoint  of  main- 
tenance; usually,  also,  the  absence  of  holes  and  other  openings 
results  in  improved  appearance. 

OPEN  REFLECTORS. 
The  operating  temperatures  of  three  representative  units  of 
this  group  are  shown  in  Table  5. 

The  bulb  temperatures  of  a  lamp  operating  in  an  open  re- 
flector are  usuallv  well  within  safe  limits  whether  the  holder  or 
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upper  part  of  the  reflector  is  ventilated  or  not.  The  wire  tempera- 
ture, however,  is  of  importance.  Here  again  rubber-covered  wire 
is  allowed  by  the  National  Electrical  Code,  provided  the  wire 
temperature  does  not  exceed  120°  F.  Hence,  many  reflectors 
are  provided  with  ventilating  openings  with  the  assumption  that 
they  lower  the  wire  temperature.  These  openings  sometimes 
consist  merely  of  holes  drilled  through  the  upper  portions  of  the 
reflector;  in  other  cases,  an  elaborately  designed  holder  is 
furnished  with  numerous  channels  and  slots  for  the  flow  of  air. 

In  general,  tests  show  that  the  wire  temperature  in  an  open 
reflector  is  little  affected  by  ventilation.  In  some  cases  it  is 
lowered  a  matter  of  one  or  two  per  cent ;  in  others,  it  is  not 
changed  when  the  reflector  is  ventilated;  and,  not  infrequently, 
it  is  actually  raised  slightly  when  ventilation  is  provided  and  the 
heated  air  allowed  to  flow  upward  to  the  cap  or  conduit. 

The   circulation   of   air   about   the   lamp   bulb   and   interior 


DEGREES    FAMRE.NI-1E.it                       | 

UNIT       LAMP 

TEMPERATURE 
OF 

(maximum) 

TEMPERATURE 

OF 

W  1  F^EZ 

IN    CONDUIT 

TEMPERATURE 

or 

OPPOeiTE 
f^ll_/xroE.HT 

TEMPERATURE 
OR 

AT  JUNCTION  OF 

BRA^  AND   GLASS 

^ 

200-wATT 

GAS-FILLED 

34-7 

125 

2  3S 

2.11 

A 

200-WATT 
GAS-FILLED 

39& 

130 

ZQ'4 

252 

A 

50-WATT 
WHITE. 

2S9 

l-^-l 

20s 

209 

Table  No.   5. — Operating  temperatures  of  open  reflectors. 

surfaces  of  the  reflector  accelerates  the  accumulation  of  dust,  lint, 
and  other  fine  particles  in  the  air  and  makes  more  frequent  clean- 
ing necessary. 


siivK  shade;s. 
vSilk  is  used  in  many  cases  as  a  material  for  lamp  shades, 
particularly  in  the  home.  Where  these  shades  do  not  come  in 
direct  contact  with  the  lamp  bulb,  no  discoloration  of  the  cloth 
will  occur  with  the  ordinary  household  sizes  of  vacuum  and  gas- 
filled  lamps.     However,  owing  to  the  high  operating  temperatures 
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of  the  bulb  surface,  charring  may  occur  where  draperies,  silks, 
etc.,  become  closely  wrapi.ed  about  the  bulb. 

In  this  connection  is  should  be  stated  that  even  a  vacuum 
lamp,  if  completely  wrapped  about  with  dark  silk  or  similar 
material,  so  that  a  very  larj,-e  proportion  of  the  radiant  ener^^-  is 
confined,  will  actually  start  a  fire.  It  is  only  in  such  extreme 
cases  that  trouble  is  experienced  in  the  use  of  cloth  as  a  shade 
material. 

VAPOR-PROOF  UNITS. 

In  this  type  of  unit,  the  lamp  is  completely  enclosed  in  a 
protective  covering  of  glass  and  metal.  Ordinarily,  washers  or 
gaskets  are  used  at  the  various  joints  between  casing,  globe,  etc., 
to  provide  an  absolutely  air-tight  housing  for  the  lamp. 


UNIT 

LAMP 

DEGREES    FAHRENHEIT                    | 

TEXPCRATUCiE 
OF 

(MAXIMUM^ 

TEMPtClAnXt 

OF 

W  IC5.E1 

IN   CONDUIT 

TEHPtRATU«»t 

OPPO^lTt 
FILAMENT 

TtHPtRATU«« 
op- 
ts (-'l-B 

eaufi  wo  (XAae> 

A 

SOOWATT 
&AS-flLL£D 
CWYLICHT 

-463 
531 

I5S 

526 

35© 

31-4- 

A 

500-WATT 
GAS-FILLED 

WrLIGHT 

500 

5&T 

I03 

214- 

5TS 

319 
32«9 

ik 

aOOWATT 
CA5FILLE.D 

^1© 

162 

311 

261 

C 

I50WATT 
6A5FILLE0 
OAYLICHT 

-^13 

IS9 
ISO 

333 

2  53 
25© 

^ 

rS-WATT 
CAS-FiLUO 
DAYLIGHT 

307 
3S2 

no 
ize. 

232 

312 

ZZ.5 
ZA.-7 

Table    No.    6.— Operating    temperatures    of    vapor-proof   units. 

The  operating  temperatures  for  various  units  of  this  tv-pe  are 
given  in  Table  6. 

The  vapor-proof  unit  is  used  where  it  would  be  impracticable 
or  inadvisable  to  use  an  unprotected  or  even  partially  protected 
lamp.  It  is  designed  to  protect  against  explosive  vapors,  or  acid 
fumes  which  might  attack  the  bulb  surface,  and  to  prevent  ex- 
plosive or  combustible  dusts  from  coming  in  contact  with  the  hot 

lO 
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bulb.  Its  greater  mechanical  strength  minimizes  the  chance  of 
physical  damage  to  the  unit  exposing  the  hot  filament  in  explosive 
atmospheres. 

The  very  nature  of  a  vapor-proof  unit  precludes  the  possi- 
bility of  ventilation.  The  globe  is  usually  of  very  heavy  glassware 
as  compared  with  the  ordinary  enclosed  unit.  Also,  for  greater 
mechanical  strength  the  metal  portions  of  the  unit  often  consist 
of  castings  instead  of  light  spinnings. 

The  air  spaces  about  the  lamp  in  a  vapor-proof  unit  are  in 
general  smaller  than  in  an  enclosed  unit  of  the  same  wattage. 
This,  together  with  the  heavy,  thick  globe  results  in  higher  bulb 
operating  temperatures. 

Since  the  vapor-proof  unit  is  particularly  designed  for  use 
where  explosive  vapors  or  dusts  are  present  in  the  air,  the  maxi- 


UNIT 


LAMP 


lOO-C.R 
66AMPEReS 
GAS-FILLED 


lOO-C.R 
6.6  AM  PERES 
GAS-rlLLED 


500-y/ATT 
GAS-FILLEO 


DEsr?EES  fahrenhe.it 


TEMFtRATURE. 


(MAXIMUM) 


-496 


"EMPERATURE 


307 


TEMPESATUre. 

OF 
BUL-B 

(--ILAMENT 


TEMPERATURt   TEMPEPATVPi 


ao2 


199 


-456 


■«^3S 


104. 


201 


3VO 


^■z.e> 


-4-25 


S^3 


Table  No.   7. — Operating  temperatures   of  street-lighting  units. 


mum  temperature  on  the  outer  surface  of  the  unit  is  of  the  utmost 
importance. 

In  testing  vapor-proof  units,  it  has  been  noted  that  in  some 
cases  gaskets  or  washers  of  a  rubber  composition  with  a  rela- 
tively low  softening  point,  have  been  used  to  seal  the  joints. 
In  several  instances,  the  temperature  was  sufficient  to  soften  and 
melt  these  washers.  The  molten  composition  then  flowed  or 
dripped  down  over  the  lamp  and  the  inside  of  the  globe,  giving  an 
extremely  unsightly  appearance.     Furthermore,  when  the  globe 
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was  removed  to  replace  a  lamp,  new  washers  had  to  be  inserted 
if  vapor-tight  joints  were  to  be  maintained.  The  temperature 
which  such  washers  must  withstand  depends  largely  upon  their 
location  within  the  unit.  In  all  cases  they  should  be  designed  to 
stand  up  under  long-continued  operation  with  the  largest  size  of 
lamp  that  can  be  used  in  the  unit. 

STREET  LIGHTING   UNITS. 

Operating  temperatures  of  a  few  representative  types  of 
street-lighting  units  are  given  in  Table  7. 

Gas-filled  series  lamps  are  commonly  used  in  street-lighting 
units,  although  multiple  lamps  are  also  used  to  some  extent.     In 


UNIT     LAMP 


-400-WATT 
GA5-f/UE0 
Cr-40  BULB 


-^KX>-WATT 
GAS-FILLED 
&40  BULB 


-400-WATT 

GAS- FILL  ED 
G-40  BULB 


500-WATT 
GAS-FILLED 
R&-40  BUUB 


t^EGRZES    FAHRENHEIT 


TCJIPCRATUFU: 


TEMPERATURE 

OP 

^LJ1_^ 

(OPPOSITE 


TeiiP'tPtATuRe. 


RCFt-ECTlNO    SUP->'ACE 


633 


©sv 


6Te> 


"4^1 


3SO 


-40d 


-<»«0 


1^9 


133 


s.ie> 


310 


1©2. 


Z.-70 


Table   No.   8. — Operating   temperatures   of   flood-lighting   units. 

this  service,  the  lamps  are  not  infrequently  operated  tip  up  and 
the  temperature  near  the  tip  of  the  bulb  is,  in  such  cases,  an 
important  consideration.  If  this  part  of  the  lamp  runs  too  hot, 
a  blister  is  formed  on  the  bulb. 

In  some  street-lighting  units,  an  attempt  is  made  to  cool  the 
bulb  by  providing  ventilating  openings  at  the  top  of  the  globe. 
These  vents  are  protected  in  most  cases  by  a  cap  with  suitable 
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Openings  for  the  flow  of  air.  Where  the  unit  is  completely  closed 
at  the  bottom,  as  is  the  case  in  units  mounted  directly  on  standards, 
ventilation  at  the  top  usually  has  little  effect  upon  the  bulb 
operating  temperatures  and  may  well  be  dispensed  with.  In  a 
pendant  type  of  unit  with  the  lamp  operated  tip  down,  ventilation 
will  usually  result  in  lowering  the  bulb  temperatures. 

The  wire  temperature  is  higher  in  units  in  which  the  lamp 
is  operated  tip  down  than  in  those  in  which  the  lamp  is  operated 
tip  up;  in  either  case,  however,  wire  temperature  is  usually  of 
little  moment. 

In  street  lighting,  where  maintenance  is  such  an  important 
item  in  the  operation  of  the  system,  the  advantages  of  a  properly 
designed  non-ventilated  unit  are  especially  important. 

FLOOD-LIGHTING  UNITS. 

The  operating  temperatures  of  several  typical  flood-lighting 
units  are  given  in  Table  8.  When  operated  horizontally,  the  lamp 
is  seldom  ventilated  although  when  operated  tip  down,  ventilation 
is  sometimes  provided  by  means  of  a  small  opening  about  the  lamp 
neck.  The  cover-glass,  which  protects  the  unit  from  the  weather, 
tends  to  confine  the  heat. 

In  the  majority  of  flood-lighting  equipments,  the  lamp  is 
operated  either  tip  down  or  in  a  horizontal  position.  More 
difficulty  would  naturally  be  expected  from  buiDs  blistering  in 
lamps  operating  horizontally  than  in  those  operating  in  a  tip-down 
position.  However,  since  the  lamps  for  this  service  are  regularly 
constructed  of  a  heat-resisting  glass,  this  trouble  is  not  common. 

Ordinarily,  the  reflecting  surface  of  a  flood-lighting  unit  con- 
tains silver  in  some  form,  and  because  of  its  tendency  to  discolor 
at  high  temperatures,  a  study  of  its  operating  temperatures  is 
important. 

MOTION  PICTURE  AND  STEREOPTICON   MACHINES. 

In  motion  picture  and  stereopticon  service,  the  lamp  is  usually 
operated  tip  up.  Tubular  bulbs  are  standard  for  motion  picture 
service  and  for  many  slide  projectors.  For  these  latter  equip- 
ments, they  are  replacing  the  round  bulb  lamps  which  were  long 
used  for  the  projection  of  slides  but  which  are  not  adapted  to  the 
optical  systems  used  in  motion  picture  projection. 
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The  lamp  is  operated  within  a  housing,  usually  of  metal. 
This  housing  ordinarily  contains  a  spherical  mirror,  used  to  re- 
direct to  the  condenser  lens  the  light  which  would  otherwise  be 
lost  at  the  rear  portions  of  the  housing.  Often  the  condenser 
lens  is  secured  in  or  upon  a  frame  extending  from  the  housing. 
In  the  larger  motion  picture  projectors,  the  lamp  housing  is 
separate  from  the  aperture  plate  and  necessary  film  driving 
apparatus,  shutters,  etc.  In  the  small  portable  projectors,  such 
as  the  "suit  case"  types,  the  housing  is  often  mounted  within  the 
case  containing  the  driving  apparatus,  reel  holders,  etc.  Most 
housings  are  well  ventilated  to  carry  away  the  heat  from  the 
lamp  and   thereby  reduce  the   bulb   and   housing  temperatures. 


Table  No.  9— Operating  temperatures  of  motion  picture  and  stereopticon  units. 

Table  9  gives  representative  operating  temperatures  taken 
m  several  motion  picture  and  stereopticon  housings. 

In  addition  to  the  usual  points  on  the  bulb,  there  are  other 
parts  of  a  motion  picture  housing  w^hich  require  attention.  The 
temperature  of  the  condenser  lens  is  important.  The  operating 
temperature  of  the  spherical  mirror  should  be  kept  below  the 
region  where  rapid  deterioration  of  its  reflecting  surface  takes 
place.  The  temperatures  of  the  outer  portions  of  the  housing 
are  of  importance  particularly  where  the  standard  inflammable 
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film  is  used.  Any  portions  of  the  housing  with  which  the  film  is 
liable  to  come  in  contact,  due  to  any  cause,  should  not  be  at  a 
temperature  sufficient  to  cause  ignition.  In  this  connection  the 
following  data  are  of  interest : 

Results  of  test  on  standard  inflammable  film 

Curls  at 172°  F. 

Emulsion  melts  at ... .  320°  F. 
Ignites  at 365°  F. 

Obviously  a  temperature  approaching  365  degrees  Fahrenheit  at 
any  portion  of  the  housing  with  which  the  film  is  liable  to  come 
in  contact  is  positively  dangerous. 

Bulb  softening  and  resultant  blistering  has  been  met  with  in 
some  cases  of  poorly  designed  housings.  The  tubular  bulb  lamps 
are  of  small  diameter,  as  compared  with  other  standard  tungsten 
lamps  of  corresponding  wattages.  This  permits  the  condenser 
and  reflector  to  be  set  close  to  the  filament,  where  they  intercept  a 
large  solid  angle  of  light.  The  small-diameter  bulb  results  in 
bulb  temperatures,  particularly  opposite  the  filament  where  the 
heating  effect  of  the  spherical  reflector  is  most  pronounced, 
greatly  in  excess  of  those  found  in  the  case  of  ordinary 
commercial  units.  The  bulbs  of  motion  picture  lamps  are  com- 
monly made  from  a  glass  which  will  withstand  this  higher  bulb 
temperature.  In  a  well-designed  housing,  with  ample  ventilation, 
bulb  softening  is  not  encountered. 

The  tip-up  position  of  operation  makes  for  a  lower  base 
temperature,  and  trouble  in  this  quarter  is  not  ordinarily  met  with 
in  motion  picture  and  stereopticon  lamps. 

In  the  high-current  motion  picture  lamps  the  lead-in  wires 
were  formerly  soldered  to  the  base.  A  poor  base  contact,  due, 
for  example,  to  faulty  socket  design,  sometimes  caused  the  solder 
to  melt.  This  difficulty  has  been  eliminated  by  welding  the  lead- 
in  wires  to  the  base  in  these  high-current  lamps. 

Ventilation  in  a  motion  picture  lamp  housing  of  usual  size  is 
essential,  and  the  tendency  should  be  toward  more  rather  than 
less.  The  temperature  of  the  bulb  is  lowered  by  increased  venti- 
lation, as  is  the  temperature  of  many  other  parts  of  the  housing. 
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PART  III-VHNTILATION  VS.   NON-VENTILATION 

LOCAI.  RULINGS  AFFECTING  THE  USE  OF  GAS-FILLED  LAMPS. 

Soon  after  the  gas-filled  lamp  was  introduced  in  the  early 
part  of  the  year  1914,  criticisms  began  to  be  heard  because  of  the 
greater  amount  of  local  heat  developed.  It  will  be  remembered 
that  the  first  gas-filled  lamps  introduced  were  the  750-watt  and 
looo-watt,  115-volt  sizes  and  some  of  the  low-voltage  high-current 
lamps.  The  bulb  which  felt  hot  to  the  touch,  the  extreme  bright- 
ness of  the  filament,  and  the  extraordinary  power  consumption 
combined  to  make  the  fire  hazard  appear  greater  than  it  really 
was.  In  some  districts,  local  inspectors  formulated  rulings  which 
were  so  strict  that  the  installation  of  gas-filled  lamps  was  greatly 
hindered.  While  the  intent  of  these  rulings  was  good,  the  rules 
in  most  instances  were  made  without  authentic  data  which 
afforded  a  comparison  with  previous  practice. 


UNIT 


LAMP 


DEGRclES   FAHRENHEllT 


TCMPERATuRt 


Vv-  I  l=S  El 


TE.M  PC.  RAT  URE 
OF 


UOOy^v-rtOM 


200-WATT 
tHYLICHT 


\e>A- 


i(se> 


^ 


SOO-WATT 

OAYLlfrHT 


TOP  AMD 
BOTTOM 


2CO-WATT 

GASFILLEO 


155 


TOP  AKD  BOTTOM 
TUBt  AM)  BOTTOM 


SOO-WATT 
GAS  FILLED 


125 


TOO 


200-VVATT 
GAS-FILLED 


I2<3 


130 


TUBE. 


Table    No.    lo. — Wire    operating    temperatures. 


Almost  invariably,  rules  relating  to  the  installation  of  gas- 
filled  lamps  contained  somewhere  a  reference  to  ventilation,  which 
was  expected  to  lower  the  temperature  of  the  exposed  surfaces 
of  the  unit  and  at  the  same  time  prevent  short  life  of  the  lamp  due 
to  excessive  filament  temperature. 
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VENTILATION  AND  LAMP  TEMPERATURES. 

There  is  no  doubt  that  ventilation,  however  slight,  usually 
cools  the  lamp  bulb  and  some  other  parts  of  the  unit  to  a  certain 
extent,  but  this  is  ordinarily  accompanied  by  a  corresponding  rise 
in  temperature  of  other  parts.  One  of  the  most  important  con- 
siderations from  the  standpoint  of  the  National  Electrical  Code 
is  the  temperature  of  the  wire  where  it  is  connected  to  the  lamp 
socket.  A  considerable  amount  of  data,  some  of  which  are 
shown  in  Table  10,  indicates  that  ordinary  ventilation  does  not 
always  cool  the  wire  and  socket  parts,  but  actually  raises  their 
temperature  in  many  instances. 

VENTILATION  AND  EAMP  LIFE. 

The  erroneous  impression  that  the  life  of  an  incandescent  lamp 
is  appreciably  shortened  by  surrounding  high  temperature  has  also 
led  manufacturers  to  ventilate  in  various  ways.  Theoretically,  the 
filament  temperature  is  increased  by  high  surrounding  temperature 
but  this  increase  is  so  small  relatively  at  4300  to  4800°  F.,  the 
range  for  regular  gas-filled  lamps,  as  to  be  unnoticeable  even  on 
carefully  conducted  life  tests.  The  melting  point  of  tungsten  is 
given  as  6156°  F.  and  from  the  data  given  elsewhere  it  will  be 
noted  that  there  is  a  considerable  margin  between  the  operating 
temperature  and  the  melting  point  of  tungsten.  Tests  also  show 
that  the  high  surrounding  temperatures  which  are  encountered 
in  special  cases  affect  the  lamp  performance  by  causing  a  blistered 
bulb,  loose  base,  melted  solder,  trouble  at  the  stem  seal,  etc., 
before  they  produce  any  serious  effect  upon  the  filament. 

VENTILATION    AND   EQUIPMENT   DESIGN. 

The  application  of  the  term  "ventilated"  in  Rule  77-c.  of  the 
1920  Edition  of  the  National  Electrical  Code  is  obviously  in- 
tended to  keep  the  connecting  wires  cool. 

"All  fixtures  should,  where  possible,  be  sufficiently  venti- 
lated and  the  wiring  should  be  so  disposed  as  to  avoid  ex- 
posing the  wiring  to  high  temperatures." 
There  have  been  frequent  instances  where  the  interpretation  of  this 
rule  by  local  inspectors  has  made  it  necessary  to  drill  holes  in  a 
unit,  thereby  not  only  defeating  the  purpose  of  the  rule  but  spoil- 
ing the  design  of  the  unit  as  well. 
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The  growing  tendency  on  the  part  of  fixture  manufacturers 
toward  non- ventilated  units  is  evidenced  by  the  number  of  such 
units  that  have  been  placed  on  the  market  within  the  past  yea*". 
By  taking  care  of  heating  through  radiation  rather  than  venti- 
lation, marked  progress  has  been  made,  not  only  toward  better 
control  of  temperatures,  but  in  the  direction  of  slower  dirt 
accumulation,  greater  ease  of  cleaning,  better  appearance,  and 
greater  accessibility  as  well. 

PART   IV— SUGGESTIONS   ON  THE  USE  OF   INCAN- 
DESCENT LAMPS  IN  INTERIORS  WHICH  PRESENT 
SPECIAL  TEMPERATURE  PROBLEMS. 

USE  OF  LAMPS  IN  DUSTY  PLACES. 

Extensive  research  has  been  undertaken  to  determine  the 
extent  of  the  hazard  resulting  from  the  use  of  incandescent  lamps 
in  atmospheres  such  as  are  found  in  flour  mills,  grain  elevators, 
etc.,  where  disastrous  dust  explosions  have  occurred  rather 
frequently. 

At  the  outset  it  should  be  understood  that  a  fire  may  be 
started  with  any  incandescent  lamp,  vacuum  or  gas-filled,  if  it  is 
operated  for  a  considerable  length  of  time,  when  surrounded  so 
that  the  heat  energy  must  accumulate.  When  such  is  the  case, 
the  surrounding  material  will  continue  to  rise  in  temperature  until 
it  reaches  that  point  where  the  energy  is  dissipated  just  as  rapidly 
as  it  is  supplied.  If  this  final  temperature  is  high  enough,  and  if 
combustible  materials  are  present,  a  fire  may  be  expected. 

Fires  or  explosions  which  may  be  caused  by  incandescent 
lamps  in  dust-laden  atmospheres  are  of  two  kinds:  (i)  Fires 
resulting  directly  from  ignition  of  dust  accumulating  on  the  lamp 
bulb:  (2)  Explosions  resulting  from  the  accidental  breakage  of 
lamps  in  a  dusty  atmosphere  containing  the  proper  proportions  of 
air  and  dust  to  form  an  explosive  mixture.  Such  an  atmosphere 
is  frequently  found  where  such  materials  as  starch,  oatmeal, 
grain,  flour,  sugar,  or  chocolate  are  handled. 

FIRES  DUE  TO  DUST  ACCUMULATION  ON  LAMP  BULB. 

Carbonaceous  dusts,  such  as  previously  mentioned,  when 
permitted  to  accumulate  on  the  bulb  of  a  gas-filled  lamp  will 
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smoke  and  produce  an  odor.  However,  smoke  is  not  always  the 
result  of  fire.  There  is  a  considerable  margin  between  the  smok- 
ing and  ignition  temperatures  of  the  various  dusts.  There  are 
numerous  conditions  which  determine  whether  or  not  this  margin 
is  safe,  such  as  the  character  and  the  ignition  temperature  of  the 
dusts  and  the  temperature  of  the  heated  body,  that  is,  the  lamp 
bulb  on  which  the  dust  accumulates.  This  margin  is  not  the 
same  or  nearly  the  same  in  all  cases,  but  varies  considerably 
depending  upon  the  composition  of  the  dusts. 

From  Table  11,  it  will  be  seen  that  the  smoking  temperature 
of  representative  dusts  is  of  practically  the  same  value,  and  that 
with  only  two  exceptions,  a  higher  ignition  temperature  means 
a  larger  margin  between  the  smoking  and  ignition  temperatures. 
It  will  be  noted  that  disregarding  the  kind  of  dust  and  the 
ignition  temperatures,  the  smoking  temperature  varies  from  284° 


TABLE  No.  II — Margin  of  Temperature  Between  the  Smoking  and 
Ignition  Points  of  Various  Dusts 


Name  of  dust 

vSmoking 
temp. 

Melting 
temp. 

Ignition 
temp. 

Difference  be- 
tween smoking 
and  ignition 
temperatures 

Deg.  F. 

Deg.  F. 

Deg.  F. 

Deg.  F. 

Sample  No.  2* 

288 

511 

223 

Sample  No.  it 

331 



513 

182 

Sample  No.  4X 

295 

532 

237 

Sample  No.  3** 

298 

536 

238 

Cocoa 

313 



558 

245 

Graham  flour 

309 

552 

883 

574 

Cornstarch 

284 

545 

891 

607 

White-wheat  flour 

315 

507 

919 

604 

Cornmea) 

311 

527 

934 

623 

*No.  2  Approx,      fNo.  i  Duram 
20^  Oats  wheat  dust 

20^0  Duram 
40%  Winter  wheat 
10%  Hard  winter  wheat 
10%  Miscellaneous 


JNo.  4  Approx.  **No.  3  Approx. 

40^  Winter  wheat       60%  Oats 
35%  Barley  35%  Winter  wheat 

25%  Oats  sfo  Rye 


to  331°  F.  These  smoking  temperatures  are  about  the  same 
as  the  operating  temperatures  of  the  smaller,  or  lower- wattage 
gas-filled  lamp  bulbs,  but  are  100  to  150  deg.  higher  than  the 
bulb  operating  temperatures  of  vacuum  lamps  of  corresponding 
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wattages.     From  this  it  can  be  seen  why  dust  smokes  readily  on 
gas-filled  lamps  and  not  on  vacuum  lamps. 

The  temperatures  at  which  the  first  four  dusts,  which  are 
unusually  chaffy,  and  cocoa,  will  ignite  are  more  than  300 
Fahrenheit  degrees  above  bulb  temperatures  of  the  75-watt  and 
lOO-watt  gas-filled  lamps  and  more  than  150  Fahrenheit  degrees 
above  the  bulb  temperatures  of  gas-filled  lamps  in  the  higher 
wattages.  Experiments  conducted  in  a  compartment  where  a 
permanent  dust  cloud  was  maintained  showed  that  it  is  possible, 
with  each  of  the  first  four  samples  listed  in  the  table,  to  start  a 
fire  with  the  larger  gas-filled  lamps.  All  attempts  to  start  a 
fire  with  the  75-watt  and  lOO-watt  gas-filled  or  with  vacuum 
lamps  up  to  and  including  100  watts  were,  however,  unsuccessful. 

The  temperatures  at  which  the  other  dusts  will  ignite  are  more 
than  700  Fahrenheit  degrees  above  the  bulb  temperatures  of 
vacuum  lamps;  more  than  600  Fahrenheit  degrees  in  the  case  of 
75-watt  and  lOO-watt  gas-filled  lamps ;  and  more  than  500  Fahren- 
heit degrees  in  the  case  of  higher-wattage  gas-filled  lamps.  In 
the  experiments  conducted  on  these  dusts,  no  fires  were  started 
on  any  of  the  lamps.  Some  of  these  dusts  melted  but  would  not 
burn. 

If  any  inflammable  dust  is  permitted  to  collect  thickly  enough 
and  remain  long  enough  upon  the  bulb,  a  fire  is  almost  sure  to 
follow.  For  this  reason  it  is  difficult  to  set  any  definite  workable 
limits  between  bulb  temperature  and  ignition  temperature,  which 
may  be  considered  safe  in  all  cases.  Vacuum  lamps  which  have 
bulb  temperatures  in  the  vicinity  of  150  deg.  F.  and  units  having 
exposed  surfaces  of  the  same  general  temperature  range,  may  be 
considered  safe.  The  75-watt  gas-filled  lamps  would  hardly  be 
expected  to  cause  a  fire  when  suspended  in  a  freely  circulating 
atmosphere.  With  the  larger  wattages  and  drier  dusts,  the  mar- 
gin of  safety  might  be  so  reduced  that  there  would  be  a  possibility 
of  fire. 

It  appears  that  the  hazard  in  using  gas-filled  lamps  in  general 
over-head  lighting  systems  in  dusty  atmospheres  is  far  less  than 
that  resulting  from  careless  use  of  smaller  lamps  on  drop  cords  by 
workmen.     At  times,  lamps  are  allowed  to  become  actually  buried 
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in  bins  of  grain  and  the  like  and  the  fire  hazard  in  such  a  case  is, 
of  course,  extremely  great  with  any  size  of  lamp. 

EXPLOSIONS    DUE   TO    LAMP    BREAKAGE. 

The  second  kind  of  fire  or  explosion  results  from  the  acci- 
dental breakage  of  lamps  in  a  dusty  explosive  atmosphere.  The 
possibility  of  fire  from  this  source  is  of  much  greater  importance 
than  the  one  just  discussed — that  resulting  from  the  collection  of 
dust  on  an  incandescent  lamp  bulb.  Nearly  all  finely  divided 
dusts  having  a  high  carbon  content  will,  if  combined  with  the 
right  proportion  of  air,  explode  when  brought  in  contact  with  an 
open  flame.  Tests  conducted  by  the  United  States  Bureau  of 
Mines  and  the  United  States  Bureau  of  Agriculture  have  proved 
this  fact.  By  their  tests,  it  was  also  shown  that  an  explosion 
could  be  produced  by  static  electricity  or  by  the  electric  arc.  In 
tests  conducted  by  the  lamp  manufacturers,  it  has  been  shown 
that  in  addition  to  the  above,  explosions  may  also  occur  when 
the  same  conditions  prevail,  if  an  incandescent  lamp  is  broken  in 
a  dust  cloud.  The  same  result  will  be  obtained  with  both  the 
vacuum  and  the  gas-filled  lamps. 

It  is  only  on  rare  occasions  that  incandescent  lamps  are 
broken  otherwise  than  by  accident  or  careless  usage.  The  use  of 
an  unprotected  lamp  at  the  end  of  a  portable  cord  in  a  dusty 
atmosphere  is  careless  in  the  extreme.  However,  an  explosion 
may  be  caused  in  other  ways  than  by  the  breaking  of  the  bulb,  as, 
for  example,  by  a  short  circuit  within  the  socket,  a  flash  from  a 
loose  connection,  or  the  like. 

As  has  been  stated  under  the  heading  "Vapor-Proof  Units," 
the  market  to-day  contains  a  number  of  fixtures  designed 
especially  for  use  where  explosive  gases,  or  moisture,  may  be 
present.  Numerous  tests  on  these  fixtures  have  shown  that,  in 
general,  if  a  unit  has  a  globe  of  large  diameter  with  rather 
straight  sides  which  hinder  the  accumulation  of  dust,  the  unit  may 
be  used  with  gas-filled  lamps  and  still  have  a  globe  temperature 
below  the  smoking  point  of  the  dusts  given  in  the  above  table. 

Whenever  there  is  the  possibility  of  an  explosive  dust  cloud 
being  present,  incandescent  lamps  should  be  provided  with  pro- 
tection against  breakage.  Vapor-proof  units  give  some  degree 
of  protection.     A  wire  guard  for  the  globe  of  the  vapor-proof 
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fixture  will  greatly  increase  its  resistance  to  breakage.  The 
essential  point  in  this  connection  is  that  the  filament  of  the  lamp 
should  be  so  protected  that  there  is  no  possibility  of  its  becoming 
exposed  to  the  dust-laden  atmosphere. 

The  incandescent  lamp  is  by  far  the  safest  illuminant  in 
existance  for  use  in  these  locations,  but  its  application  has  been 
given  too  little  attention  up  to  the  present  time.  Properly  installed 
and  properly  used,  it  will  be  found  to  fill  all  requirements. 

USE   OF    LAMPS    IN    EXPLOSIVE    ATMOSPHERES 

In  certain  places,  for  example  where  pulverized  coal,  gasoline, 
oils,  illuminating  gases,  explosives,  etc.,  are  handled,  explosive 
gases  or  vapors  may  be  present  in  the  air.  The  incandescent  lamp 
is  by  far  the  safest  illuminant  for  such  localities.  It  should, 
however,  be  used  with  protective  devices  which  will  eliminate 
the  possibility  of  the  lamp  ever  being  broken  so  that  the  hot 
filament  can  come  in  contact  with  the  explosive  mixture.  Lamps 
in  these  surroundings  should  be  handled  in  a  manner  similar  to 
that  discussed  above  under  the  heading  '"Use  of  Lamps  in  Dusty 
Places." 

USE  OF  LAMPS  IN  REFRIGERATION  ROOMS. 

A  frequent  question  in  the  lighting  of  refrigeration  rooms, 
such  as  meat  coolers,  cold-storage  warehouses,  etc.,  is  the  relative 
heating  effect  of  vacuum  and  gas-filled  lamps  within  such 
interiors.  The  fact  that  the  vicinity  of  the  gas-filled  lamp  is 
comparatively  hot  gives  rise  to  the  erroneous  assumption  that  a 
gas-filled  lamp  will  heat  the  interior  of  such  a  cold  room  to  a 
greater  extent  than  will  a  vacuum  lamp  of  equal  wattage.  A 
refrigerator  room,  from  its  very  nature,  is  usually  constructed  in 
such  a  manner  that  its  walls  are  extremely  well  insulated  to  pre- 
vent the  passage  of  heat  and  light  through  them.  Therefore,  the 
entire  amount  of  heat  and  light  energ}-  emitted  by  an  incandescent 
lamp  in  such  a  room  is  eventually  absorbed  by  the  walls  of  the 
room,  and  taken  up  by  the  cooling  system.  A  vacuum  and  a 
gas-filled  lamp  of  equal  wattage  emit  equal  total  amounts  of 
energy  (heat  and  light  combined).  Hence,  the  effect  of  each  of 
these  lamps  on  the  cooling  system  is  exactly  the  same  (see 
Appendix). 
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However,  if  meat,  for  example,  is  hung  very  near  a  gas-filled 
lamp  in  a  refrigerator  room,  it  may  come  under  the  influence  of 
the  local  heat  of  the  lamp  sufficiently  to  be  thawed  out  or  even 
spoiled.  The  degree  of  thawing  depends,  of  course,  upon  the 
proximity  of  the  meat  to  the  lamp  bulb.  With  the  lamp  a 
sufficient  distance  away,  no  damage  to  the  meat  would  result. 

USK  OF  LAMPS  IN  BAKE  OVENS. 

A  case  in  which  excessive  temperatures  are  frequently  met 
with  arises  in  the  use  of  tungsten  lamps  for  lighting  the  interior 
of  bake  ovens.  These  ovens  usually  operate  with  an  interior 
temperature  of  from  425  to  450  degrees  Fahrenheit.  Inasmuch 
as  this  temperature  is  too  high  for  the  ordinary  basing  cement 
and  solder,  special  lamps  have  been  developed  for  use  in  such 
locations.  These  lamps  are  given  special  treatment  in  such 
matters  as  glass,  basing  cement,  solder,  exhaust,  etc.,  to  enable 
them  to  operate  satisfactorily  in  surrounding  temperatures  of 
from  425  to  450°  F. 

APPENDIX. 

METHOD  OE  MEASURING  OPERATING  TEMPERATURES 
OE  I,AMP  BUI.BS,  WIRE,  AND  UNITS. 

There  are  three  simple  methods  available  for  measurement 
of  lamp,  wire,  and  lighting  unit  temperatures,  as  follows : 

( 1 )  By  thermometer ; 

(2)  By  electrical  thermo-couple ; 

(3)  By  the  change  of  electrical  resistance  in  a  wire. 

In  measuring  temperatures  upon  the  surface  of  a  lighted 
lamp  bulb,  the  procedure  is  somewhat  involved  because  of  the 
radiant  energy  emitted  by  the  lamp  filament  and  transmitted 
through  the  glass  of  the  bulb.  It  is,  furthermore,  difficult  to 
obtain  good  contact  between  a  thermometer  bulb,  even  a  specially 
curved  one,  and  the  glass  of  the  lamp  bulb.  Then  too,  the 
thermometer  bulb  filled  with  mercury  is  an  exceedingly  good 
reflector.  For  these  reasons,  a  reading  of  lamp  bulb  temperature 
taken  with  a  thermometer  is  lower  than  those  obtained  by  the 
other  methods  mentioned.  When  an  electrical  thermo-couple  is 
used,  the  greater  absorption  of  radiant  energy  by  the  compara- 
tively black  junction  gives  readings  which  are  the  highest  of  the 
three  methods. 
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Measurement  by  the  chang;e  of  re>istance  metliod  j^ves 
values  of  temperatures  which  fall  between  the  readinjjs  obtained 
by  thermometer,  and  those  of  the  thermo-couple.  In  this  experi- 
mental work,  white  silk  insulated  copper  wire  was  used,  a  coil 
being  wrapped  closely  about  the  lamp  bulb.  This  coil  absorbs 
less  radiant  energ;}'  than  the  black  thermo-couple,  and  more  than 
the  glass  and  mercury  of  the  thermometer  bulb.  Hence,  it  is  to 
be  expected  that  the  readings  by  the  change  of  resistance  method 
will  fall  between  those  obtained  by  the  other  two  methods. 
Averaging  the  results  of  several  tests  on  lOO,  200,  300,  400,  500, 
and  1000  watt  lamps,  it  was  found  that  for  the  measurement  in 
air  one-half  inch  from  the  lamb  bulb  the  thermo-couple  reading 

TABLE  NO.  12 — MELTING  POINTS  OF  VARIOUS  SUBSTANCES. 

MeliiiiK  Point 
Substance  ^*^ii-  ^^ 

Tallow  82 

Spermaceti  I20 

White  wax  154 

Sulphur  239 

Ferrous  sulphate  284 

Sugar  320 

Camphor  348 

Silver  nitrate  424 

Tin  450 

is  about  II  per  cent  higher  and  the  thermometer  reading  about 
13  per  cent  lower  than  the  change  of  resistance  reading.  Like- 
wise, for  the  measurement  on  the  bulb  surface,  the  thermo-  couple 
reading  is  about  3  per  cent  higher  and  the  thermometer  reading 
about  7  per  cent  lower  than  the  change  of  resistance  reading.  In 
the  change  of  resistance  method,  variations  are,  of  course, 
introduced  by  the  interception  of  radiant  energy,  the  obstruction 
of  air  currents  by  the  coil  on  the  bulb  surface,  etc.,  but  these 
are  small  and  of  such  little  importance  from  a  practical  standpoint 
that  they  are  not  considered  in  this  work. 

It  is  possible  to  obtain  a  rough  check  upon  the  results  of  the 
three  methods  of  measurement  by  placing  different  substances 
(Table  12)  of  which  tlie  melting  point  is  known,  upon  the  lamp 
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bulb  at  diflferent  points.  It  has  been  found  that  the  temperatures 
obtained  in  this  way  check  closest  with  the  temperatures  obtained 
by  the  change  of  resistance  method. 

In  using  the  change  of   resistance  method,  a  coil  of  fine 
copper  wire  (No.  33  white  silk  insulated  is  well  adapted  to  this 


TABI^E;  no.  13 — CHARRING  POINTS  OF  WOOD. 


Deg.  F. 


Becomes  brown  in  color  at 
Becomes  deep  brown  black  at 
Easily  powdered  mass  at 
Brown,  soft,  friable  charcoal  at 
Charcoal  burns  at 


428 
536 
590 
572 
716 


TABLE  No.  14— Temperatures  of  Combustion  of  Various  Substances 


Substance 

Begins  to 
smoke 

Smokes  badly 

Ignites 

Deg.  F. 

Deg.  F. 

Deg.  F. 

Safety  match  heads 

- 

- 

392 

Cotton  thread 

230 

320 

51S 

Cotton  waste 

289 

33S 

446 

Black  insulation  braid 

365 

- 

626 

Friction  tape 

212 

365 

5-8 

Tissue  paper 

347 

- 

500 

Crepe  paper 

279 

- 

536 

Excelsior 

221 

392 

644 

Black  fibre  Insulation 

473 

509 

626 

Yellow  braid  rubber- 

covered  wire* 

- 

464 

626 

Rubber  insulation! 

*Gave  off  odor  at  293  degrees  F.;  turned  black  at  518  deg.  F. 

tGave  off  odor  at  293  degrees  F.;  became  soft  and  gummy  at  464  deg.  F- 


purpose)  is  wound  at  the  point  where  the  temperature  measure- 
ment is  desired.  For  the  average  temperature  about  a  lamp  bulb 
at  any  point,  a  coil  of  four  turns  of  this  wire,  closely  wrapped 
about  the  bulb  and  secured  thereto  by  minute  bits  of  friction 
tape  and  small  drops  of  sodium  silicate  solution,  has  been  found 
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best.  More  turns  result  in  excessive  radiant  energy  absorption 
in  the  coil  Itself,  while  fewer  turns  give  insufficient  resistance 
for  best  resuhs.  It  has  been  found  that  the  color  of  friction  tape 
used  for  securing  the  coil  to  the  bulb  is  of  no  consequence 
provided  the  size  of  the  strips  is  small  in  comparison  with  the 
circumference  of  the  bulb  at  the  particular  point. 

For  measuring  temperature  at  the  brass  and  glass  junction  of 
the  bulb,  a  coil  of  trom  eight  to  ten  turns  is  wrapped  on  the  glass 
uist  touching  the  brass.  When  the  temperature  at  the  bulb  tip 
is  desired,  a  flat  spiral  of  some  twenty-four  turns  is  wrapped  at 
that  point.  This  point  is  usually  considered  onlv  when  the  lamp 
IS  operated  tip  up.  Fig.  6  shows  the  points  usually  considered  on 
a  gas-filled  lamp  for  measurement  of  operating  temperatures,  and 
the  manner  in  which  the  coils  are  placed. 


Fig.    6.— Points   usually   considered   in 
measuring        lamp        and        wire 
temperatures. 

A — Maximum    temperature    zone. 

B — Wire    in    conduit. 

C — Opposite    filament. 

D — Junction    of   brass    and    glass. 

E— Tip  (If   lamp  is    operated    tip 

up).  ^ 


Lead-wire  temperature  is  ordinarily  measured  on  the  wire 
at  a  distance  of  i  in.  from  the  end  of  the  wire  in  the  socket  The 
msulation  is  stripped  from  one  of  the  wires  for  a  distance  of  about 
0.25  in.,  and  a  coil  of  about  100  turns  of  the  fine  copper  wire  is 
vvrapped  directly  about  the  bare  copper  conductor;  thus  the  test 
coil  IS  made  to  fill  the  space  ordinarily  occupied  bv  the  insulation 
:>mce  there  is  little  radiant  energy  to  be  met  with  at  this  point 
It  is  possible  to  have  the  test  coil  consist  of  over-lapping  layers! 

The  ends  of  the  test  coils  are  soldered  to  heavier  leads  (Xo 
II  ^ 
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18  copper),  a  separate  pair  for  each  test  coil.  These  leads  are 
then  run  to  the  terminals  of  a  Wheatstone  Bridge.  The 
resistances  of  the  test  coils,  with  their  leads,  are  measured  on  the 
Wheatstone  Bridge,  both  when  they  are  cold  (room  temperature) 
and  when  they  are  hot  (lamp  in  service).  It  is  then  necessary  to 
eliminate  the  resistances  of  the  leads  up  to  the  ends  of  each  test 
coil.  To  do  this,  the  leads  are  cut  at  their  junctures  with  the  coil 
itself.  The  lead  ends  are  then  soldered  together,  and  replaced 
in  a  position  similar  to  that  which  they  previously  occupied. 
Then  a  second  run  is  made,  and  the  lead  resistances  measured, 
when  they  are  cold,  and  when  they  are  hot.  Subtracting  the  cold 
lead  resistance  from  the  cold  total  resistance  gives  the  cold  test- 
coil  resistance.  Similarly  the  hot  test-coil  resistance  is  obtained. 
The  following  formula  is  then  used  to  calculate  the  final  coil,  or 
bulb,  temperature: 

T  =  Final  coil  temperature,  degrees  Centigrade 

T 
cold  =  Initial  (room)  temperature,  degrees  Centigrade 

hot  =  Hot  test-coil  resistance  in  ohms 

cold  =  Cold  test-coil  resistance  in  ohms 
c  =:  Constant  depending  upon  the  conductivity  of  the 
copper  in  the  test  coil 

Per  cent  conductivity  Constant  (c) 

96                           245.1 
98                           239.6 
100 234.5 

The  room  temperature  must  be  kept  constant  while  hot 
resistances  are  being  measured,  and,  when  practicable,  throughout 
the  test.  Where  the  room  temperature  cannot  be  kept  constant, 
it  is  possible  by  using  the  above  formula  to  correct  the  cold 
resistances,  accordingly.  Great  care  should  be  taken  to  prevent 
drafts  of  air  blowing  upon,  or  in  the  vicinity  of,  the  operating 
unit.  A  slight  draft  blowing  upon  the  test  coils  when  a  reading 
of  resistance  is  being  taken  causes  great  variation  in  the  readings, 
and  hence,  inaccurate  results. 

The  consistency  of  this  method  is  evidenced  by  the  fact 
that  successive  readings  on  the  same  lamp,  in  general,  show  a 
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difference  of  not  more  than  0.5  per  cent.  This  is  much  less  than 
the  variation  often  found  between  lamps  of  the  same  type  and 
wattage.  The  points  at  the  maximum  temperature  zone,  opposite 
the  filament,  and  on  the  lead  wire,  may  be  measured  with  the 
maximum  degree  of  accuracy.  The  point  at  the  junction  of  the 
brass  and  glass  is  more  difficult  to  obtain.  A  variation  of  perhaps 
two  per  cent  is  met  with  at  this  point.  This  is  probably  due  to 
the  fact  that  the  brass  base  is  a  good  conductor  of  heat  and  passes 
on  to  the  test  coil  the  effect  of  even  the  slightest  draft  of  air. 

The  location  of  the  maximum  temperature  zone  on  a  lamp 
is  determined  by  spreading  a  thin  strip  of  sulphur  or  wax  along 
the  bulb  from  tip  to  base.  Then  the  lamp  is  lighted  in  the  desired 
position,  and  the  point  where  the  layer  first  melts  or  discolors  is 
observed. 


20 


so 


.40  6O 

PER  CENT    TIN 
Fig.  7. — Variation  of  melting  point  of  solder  with  per  cent  tin. 


100 


In  considering  operating  temperatures,  lamps  are  used  at  the 
rated  wattage  whenever  practicable,  in  order  to  have  a  common 
basis  of  reference. 


EXPONENTIAL  EQUATIONS  FOR  COMPUTING  THE  VARIATIONS 
OF  OPERATING  TEMPERATURE  WITH  CHANGE  OF  VOLTAGE. 

Where   the    use   of   logarithms    is    convenient,    exponential 
equations  may  be  used  for  the  purpose  of  computing  the  varia- 
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TABLE  No.   15— Lamp  Waltages  and  Total  Energy  Emitted  in   British 
Thermal  Units  per  hour.* 


Wattajje  of  I,amp  Heat  units  per  hour 

40  136.5 

50  170.7 

75  256.0 

100  341.4 

200  682.7 

500  1706.8 

1000  3413-7 

♦Based  on  relation,  i  watt  =  3.4137  heat  units  per  hour. 

EQUIVALENT  VALUE   OF  UNITS. 
Degrees  Fahr.  =  9/5  Degrees  Cent.  +  32 
Degrees  Cent.  =  5/9  (Degrees  Fahr.  —  32) 
Degrees  Kelvin  =  Degrees  Cent.  +  273 
Degrees  Kelvin  =  5/9  (Degrees  Fahr.  —  32)  +  273 

tion  of  operating  temperature  with  change  of  voUage.  The 
equations  given  below  apply  only  to  gas-filled,  PS  bulb  lamps 
Operated  in  the  tip-down  position.. 

Exponent  "m"  for  the  zone  of  maximum  temperature 

q  =  degrees  Fahrenheit  at  v  volts 

Q  =  degrees  Fahrenheit  at  V  (Normal)  volts 

m  =  0.415 

Exponent  "o"  for  the  point  opposite  the  filament 

q  =  degrees  Fahrenheit  at  v  volts 

Q  =  degrees  Fahrenheit  at  V  (Normal)  volts 

o  =  0.500 

Exponent  "x"  for  the  junction  of  the  brass  and  glass 


1  ^  {^\^ 


Q 

q  =  degrees  Fahrenheit  at  v  volts 

Q  =  degrees  Fahrenheit  at  V  (Normal)  volts 

x  —  0.302 
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From  these  exponents,  if  the  temperature  at  any  one  voUage 
is  known  the  temperature  at  any  otlier  voltage  may  be  readily 
calculated.  The  values  given  apply  very  closely  for  voltages  near 
and  above  normal.  When  voltages  very  low  in  per  cent  of  normal 
are  considered,  it  is  necessary  to  take  the  value  of  the  exponent 
from  exponential  curves  which  may  be  obtained  from  the  lamp 
manufacturers. 

DISCUSSION 

Norman  Macbeth  :  The  distribution  of  heat  from  an 
incandescent  bulb  is  ordinarily  provided  for  through  ventilation 
and  radiation;  admitting  cold  air  to  the  interior  of  the  accessory, 
it  passes  up  around  the  lamp  and  out  through  the  top,  that  is, 
by  heating  the  air  passing  around  the  bulb ;  and  by  conducting 
the  heat  to  the  outside  surface  of  the  accessory. 

There  is  another  factor  which  we  have  enclosed  accessories, 
that  is,  the  extent  of  heat  transmission  through  the  glass  which 
may  partially  or  entirely  surround  the  incandescent  lamp  bulb. 
If  you  use  clear  glass,  you  will  get  considerable  heat  transmission. 
When  you  use  glass  where  the  light  transmission  is  reduced  and 
much  of  the  radiant  heat  intercepted,  the  blistering  of  buibs  and 
softening  of  stems  will  result  with  housings  which  in  the  case 
of  glass  affording  a  reasonable  transmission  of  heat  v/ould  be 
satisfactorily  ventilated. 

E.  Y.  Davison  :  It  is  a  common  belief  with  the  fixture  manu- 
facturers of  this  country  that  ventilation  can  only  be  accomplished 
by  convection.  This  spring  the  authors  of  this  paper  made 
tests  for  us  on  one  of  the  well  know^n  commercial  units  to  ascer- 
tain whether  the  lamp  runs  cooler  with  a  hole  drilled  in  the 
bottom  than  without.  It  was  actually  found  to  run  cooler  when 
the  hole  was  not  drilled. 

We  also  find  a  material  advantage  in  decreased  dust  collection 
when  the  hole  is  absent.  Enclosing  globes  look  badly  after  a  few 
months  service  due  to  the  accumulated  dust  deposited  on  the 
bottom  of  the  luminaire  brought  about  by  the  change  in  the 
velocity  of  the  air  suspending  these  particles. 

I  suggest  that  this  word  be  passed  on  to  the  fixture  manufac- 
turers. They  say  they  have  been  taught  the  wrong  method  and 
someone  has  to  teach  them  the  rieht  one  now.     Each  one  refuses 
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to  undertake  it  individually.  I  believe  if  our  society  would 
present  these  facts  to  them  as  it  has  been  to  us  to-day  they  would 
gladly  accept  the  word  and  carry  it  on  to  the  trade. 

C.  L.  Dows:  This  usual  effect  of  enclosing  a  lamp  with  a 
vapor-proof  globe  is  to  increase  the  lamp  bulb  temperature 
somewhat,  but  the  outside  temperature  of  the  globe  is  very  much 
reduced,  principally  on  account  of  the  greater  radiating  surface. 
When  the  most  common  sizes  of  gas-filled  lamps  are  surrounded 
by  well-designed  vapor-proof  globes,  the  outside  temperature  of 
the  globes  is  brought  into  the  range  of  vacuum  lamp  bare  bulb 
temperatures. 

Filament  temperature  data  on  lamps  other  than  those  shown 
here  are  available. 

In  passing,  I  should  like  to  explain  why  we  have  expressed 
our  temperatures  in  Fahrenheit.  It  was  believed  that  this  work 
would  be  of  more  practical  value  to  those  designing  units  and  in 
other  commercial  ways  if  expressed  in  Fahrenheit,  although 
under  other  conditions  we  should  have  used  Centigrade,  To 
include  both  would  have  been  confusing. 

The  work  on  grain  dust,  which  is  summarized  here,  has  been 
published  before  in  the  Electrical  World  as  the  result  of  an 
investigation  by  Messrs.  Blackwell,  Fox  and  myself  about  a  year 
ago,  it  has  been  included  here  to  make  the  work  more  complete. 
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UV  K.  NEWTON  HARVEY** 


Mr.  Chairman,  Members  of  the  Society.  Perhaps  a  belter 
title  for  the  lecture  would  be  "Living  Light,"  because  it  is  not 
only  in  the  animal  kingdum,  but  in  the  plant  kingdom  as  well 
that  we  find  luminous  forms. 

Fireflies  have,  of  course,  been  known  for  centuries  to  all  people, 
but  it  is  less  than  fifty  years  since  we  have  known  what  the  cause 
cf  certain  other  phosphorescences  of  living  things  was  due  to. 
For  instance,  the  glowing  of  dead  fish  or  the  glowinj;  of  meat  in 
refrigerators  or  the  glowing  of  wood  have  only  been  definitely 
known  to  be  due  to  living  organisms  since  1875.  In  that  year  it 
was  shown  that  all  these  luminescences  were  due  to  some 
organism,  plant  or  animal. 

In  1810,  there  was  a  paper  presented  to  the  Royal  Society,  by  a 
man  named  McCartney,  setting  forth  the  causes  of  the  light  or 
phosphorescence  of  the  sea.  He  goes  over  some  of  the  older 
theories  which  had  been  advanced  to  account  for  the  phos- 
phorescence of  the  sea.  Some  had  thought  that  this  light  was  due 
to  putrefaction  because  it  had  been  known  for  a  long  time  that 
dead  matter  might  become  luminous.  Others  thought  that  the 
light  of  the  sea  was  electric,  because  it  was  excited  by  friction. 
Others  thought  that  it  was  phosphoric,  that  the  element  phos- 
phorus was  present  in  the  sea,  which  phosphoresced  there,  as  it 
does  on  a  match.  Others  thought  that  the  sea  imbibed  light  which 
't  afterwards  gave  ofif,  much  as  a  phosphorescent  mineral,  calcium 
sulphide  and  others  of  that  group  will  do. 

Finally  it  was  decided  that  the  phosphorescence  of  the  .^ea  was 
due  to  animals  living  in  it,  and  this  is  the  correct  explanation. 
Every  phosphorescence  of  the  sea  is  due  to  one  or  another  form, 
usually  microscopic,  but  many  visible  with  the  naked  eye.  I  think 
few  people  realize  how  many  orgaiiisms  there  are  which  can 
produce  light.  If  we  look  over  the  different  groups  of  animals, 
we  find  that  at  least  forty  dift'erent  orders  contain  one  or  more 
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forms  producing  light,  and  at  least  two  groups  of  plants  contain 
forms  producing  light.  The  two  plants  which  produce  light  are 
the  fungi  and  the  bacteria.  All  the  phosphorescence  of 
wood  is  due  to  fungi,  and  all  the  phosphorescence  of  dead  meat 
or  fish  in  refrigerators,  and  other  dead  matter  is  due  to  the 
bacteria.  These  bacteria  are  very  widespread  ar.d  especially 
abundant  in  the  sea. 

Not  only  bacteria  and  fungi  but  jelly-fish,  also  minute 
organisms  in  the  water  which  are  known  as  dinoflagellates,  and 
many  kinds  of  worms,  even  earthworms,  have  been  found  which 
produce  light;  also  centipedes,  especially  a  tropical  variety,  pro- 
duce light ;  also  a  kind  of  mollusk,  something  like  a  clam,  that 
bores  in  the  rocks,  can  produce  light;  also  many  kinds  of  shrimp 
and  many  kinds  of  cuttlefish  or  squid ;  and  I  have  in  this  bottle 
here  a  specimen  of  a  squid  which  you  can  look  at  later,  in  which 
the  ends  of  the  tentacles  contain  luminous  organs,  and  as  the 
squid  swims  through  the  water,  it  waves  these  tentacles  around 
and  flashes  them  much  as  the  firefly.  This  form  is  found  in 
Japan  and  by  the  Japanese  it  is  called  "hotaru  ika"  or  firefly 
squid. 

Finally,  we  have  fish  which  produce  a  light  of  their  own,  apart 
from  the  light  which  is  produced  by  bacteria  growing  on  the  dead 
fish.  The  living  fish  contains  organs  which  in  themselves  are 
light-producing,  and  a  great  many  kinds  of  fish  are  known  which 
do  this,  especially  forms  living  in  the  deep  sea.  I  have  also  in 
that  bottle  two  fish  which  have  very  large  luminous  organs 
immediately  under  the  eye,  and  these  fish  have  the  power  of 
turning  on  the  light  or  shutting  it  off  by  moving  a  pigment  screen 
up  over  the  luminous  organ.  The  light  of  this  fish  shines 
continually,  but  can  be  turned  off  or  on  at  will,  and  if  you  will 
examine  it,  you  can  see  on  one  side  the  pigment  screen  which  is 
drawn  up  over  the  eye.  The  other  organ  has  been  left  exposed, 
so  you  can  see  what  the  movement  of  the  screen  will  do. 

Noctiluca  is  the  name  of  a  small  form  occurring  in  the  sea,  and 
which,  perhaps  is  most  responsible  for  the  luminescence  or  phos- 
phorescence of  the  sea.  Almost  everyone  knows  of  this  form. 
It  is  a  small  mass  of  jelly,  perhaps  a  tenth  of  a  millimeter  in 
diameter,  so  that  it  is  just  visible  to  the  naked  eye.  When  this 
form  occurs  in  enormous  numbers,  the  sea  may  be  red  in  the 
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daytime  because  these  animals  contain  a  red  pigment,  and  it  will 
shine  like  a  sea  of  fire  at  night  whenever  it  is  disturbed.  If  you 
examine  these  small  forms  with  a  microscope,  you  will  see  that 
the  light  appears  only  in  minute  spots  in  the  animal.  These  spots 
really  represent  granules  of  some  protein  material,  and  it  is  the 
burning  of  these  granules  scattered  through  the  substance  of  the 
animal  which  gives  the  light.  They  are  known  as  photogenic 
granules. 

Noctiluca  is  a  one-cell  animal.  When  we  study  the  many- 
celled  forms,  the  larger  animals,  like  the  sea-pens  or  jelly-fish,  we 
find  that  they  may  be  luminous  over  the  whole  of  the  body  so 
that  the  whole  animal  is  on  fire  when  it  is  luminescent,  or  we  may 
find  that  the  luminous  material  is  only  restricted  to  certain  areas, 
rather  large  areas.  Finally  we  may  find  that  the  luminous 
material  is  restricted  to  very  definite  small  spots,  and  these  small 
spots  constitute  the  luminous  organ  proper. 

Now,  some  of  these  luminous  organs  are  exceedingly  interest- 
ing from  a  structural  standpoint  because  they  are  veritable 
lanterns.  In  many  ways  they  resemble  the  eye  because  they  have 
a  lens,  except  that  the  lens  in  the  case  of  the  luminous  organ  is 
used  for  directing  the  light,  whereas  in  the  eye  it  is  used  for 
receiving  the  light  and  converging  it  on  to  the  retina.  The  more 
complicated  of  these  luminous  organs  have  not  only  a  lens,  they 
have  also  a  layer  of  cells  which  contain  a  shiny  material,  and  this 
shiny  material  makes  the  layer  act  as  a  reflector,  so  that  when  the 
light  is  produced  in  the  middle  of  the  organ,  that  which  comes 
back  against  the  reflector  is  shot  forward  and  out  through  the 
lens  again,  and  all  the  light  is  directed  and  concentrated  in  a  beam. 
Not  only  does  the  organ  have  reflectors,  it  has  also  opaque 
screens,  in  order  to  protect  the  tissues  of  the  animals  from  any 
light  which  may  go  out  the  side  of  the  organ,  and  possibly  injure 
cells  around  the  luminous  organ.  Because,  as  you  know,  light, 
strong  light,  at  least,  is  destructive  to  living  tissue,  and  where  we 
have  an  organ  in  the  animal  producing  a  light  of  its  own,  we  have 
practically  a  very  strong  light,  and  we  find  in  most  cases  the 
organs  or  tissues  protected  from  the  light  by  some  kind  of  a 
screen. 

There  may  be  present  pigment  screens,  color  screens,  which 
allow  only  certain  wave-lengths  to  pass,  and  so  give  the  \\<rht  a 
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certain  color,  not  a  great  variety  of  color,  it  is  true,  but  there  have 
been  described  luminous  cuttlefish  from  the  depths  of  the  ocean, 
that  had  at  least  three  colored  luminous  organs,  a  blue,  a  violet 
and  a  reddish  colored  organ. 

There  is  a  certain  insect  from  South  America,  so  it  is  said, 
which  has  not  only  white  luminous  organs,  but  also  red  ones,  and 
these  red  organs  are  very  conveniently  situated  at  the  tail  of  the 
insect,  and  the  white  organ  at  the  head,  so  that  it  is  known  in 
South  America  as  the  "automobile  bug." 

Now,  there  are  many  sides  to  the  study  of  animal  luminescence, 
and  I  am  afraid,  in  the  time  at  my  disposal,  I  will  have  to  select 
only  one  or  two  of  these,  in  which  I  have  been  most  interested. 
To  the  student  of  evolution,  luminous  animals  offer  a  great  field, 
but  a  field  in  which  relatively  little  is  known.  Almost  everyone 
is  interested  in  the  use  of  luminous  organs  to  the  luminous 
animals,  and  unfortunately  we  can  say  in  only  a  very  few  cases 
what  the  use  of  the  organ  is.  Who,  for  instance,  can  say  what 
the  use  of  light  can  be  to  a  luminous  bacterium,  an  organism 
which  is  perhaps  two  thousandths  of  a  millimeter  in  length,  and 
which  has  no  nervous  reactions  that  a  higher  form  has ;  or  who 
can  say  what  the  use  of  the  light  is  to  a  form  which  occurs  living 
at  the  surface  of  the  sea,  and  which  also  has  no  nervous  system, 
being  a  one-cell  form,  blown  hither  and  thither  by  the  wind  ? 

Apparently,  in  such  cases  as  this,  we  must  say  that  the  light  is 
merely  fortuitous,  that  it  accompanies  merely  some  of  the  organic 
changes  which  go  on  in  the  animal.  It  is  a  chance  phenomenon. 
On  the  other  hand,  it  would  seem  likely  that  deep  sea  fishes — and 
it  is  chiefly  these  forms  which  have  the  lantern,  complicated  in 
structure — must  use  their  light  as  a  searchlight  for  seeing  things 
in  a  region  where  we  know  very  little  light  penetrates. 

Then,  on  the  other  hand,  a  great  many  forms  are  known  which 
do  not  live  continually  in  dark  places,  and  presumably  would  not 
use  their  light  for  seeing  unless  they  did  it  at  night,  and  then  we 
know  of  a  great  many  luminous  forms  that  don't  move  around  at 
all.  Take  the  sea-pens,  for  instance.  They  are  almost  all 
luminous  and  they  are  simply  a  colony  of  animals  that  live  in  the 
mud  or  sand  at  the  bottom  of  the  sea  at  a  depth  of  perhaps  fifty 
feet  where  there  is  plenty  of  light.     They  never  move  around 
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from  one  place  to  another,  yet  they  arc  luminous.  It  has  been 
sugg^ested  that  they  may  use  that  liji^iit  as  a  warninj,'.  If  a 
predacious  fish  comes  along,  the  minute  the  sea-j)en  is  disturbed 
by  the  fish,  the  light  is  flashed  on.  That  warns  the  fish  and 
scares  him  away.  But  this  is  a  mere  conjecture.  I  think  no  one 
has  seen  it  take  place. 

It  has  been  thought  also  that  animal  light  may  be  used  as  a  lure, 
that  certain  forms  use  their  lights  to  attract  other  forms  on  which 
they  prey.  Whether  that  is  true  or  not,  is  also  a  conjecture, 
because  I  don't  think  anyone  has  observed  that  sort  of  thing  in 
progress. 

Finally,  it  certainly  seems  to  be  true  that  in  some  forms,  the 
light  is  used  to  attract  the  opposite  sex  in  mating.  That  is  the 
case  in  the  firefly.  Each  species  of  firefly  has  a  light  which  shines 
in  a  certain  definite  way.  and  if  one  is  an  expert,  he  can  go  into 
the  field  and  point  out  the  different  species  of  fireflies  by  the 
interval  between  flashes,  the  time  of  the  flashes.  The  male  and 
female  of  each  species  are  apparently  brought  together  by 
signaling  in  that  way.  These  are  just  a  few  instances  to  show 
you  how  animals  may  use  their  power  of  lighting. 

This  subject  has  a  great  deal  of  interest  to  the  physiologist, 
particularly  in  connection  with  stimulation  of  the  light.  Perhaps 
I  should  have  said  previously  that  we  can  group  all  luminous 
organisms  into  two  great  classes.  One  class  produces  the  light 
continuously  and  steadily,  all  the  time,  day  in  and  day  out,  and  in 
this  group  belong  the  luminous  bacteria  and  luminous  fungi. 
They  are  always  glowing. 

The  other  great  group  contains  all  of  the  other  forms  which  are 
luminous  and  they  only  produce  light  if  they  are  stimulated  in 
some  way.  You  may  have  noticed  when  you  are  out  on  the  ocean, 
you  don't  see  any  luminescence,  any  phosphorescence,  unless  there 
is  a  heavy  sea,  or  the  propeller  of  the  boat  is  chuining  up  the 
water  or  unless  you  are  rowing;  then  the  movement  of  the  oars 
will  produce  the  light.  What  happens  there  is  simply  the 
agitation  of  the  water,  acting  as  a  stimulus  to  the  luminous 
animals  in  it,  and  they  turn  on  their  lights. 

The  more  primitive  forms  can  only  turn  on  their  lights  when 
stimulated  by  some  external  force,  but  the  higher  forms.  like  the 
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firefly,  can  turn  on  their  lights  without  any  external  stimulation, 
and  this  simply  means  that  in  the  firefly  we  have  nerves  which 
go  to  the  luminous  organs  and  these  nerves  convey  an  impulse  and 
that  impulse  results  in  a  luminescence  in  the  organ.  We  have 
there  exactly  the  same  thing  that  we  have  in  any  movement  of  the 
body.  When  a  muscle  moves,  it  has  received  an  impulse  from 
some  nerve  going  to  it,  and  the  greatest  physiological  problem  in 
connection  with  luminescence  is  why  that  stimulus  should  set  the 
luminescence  going. 

We  have  the  same  problem  there  that  we  have  in  connection 
with  the  nerve  muscle  stimulation,  and  if  we  could  solve  it  in 
either  case,  it  would  apply  to  the  other.  If  we  knew  what  caused 
a  muscle  to  contract  on  stimulation,  we  could  also  say  why  a 
luminous  organ  lights  on  stimulation.  However,  I  am  not  going 
to  go  into  that  matter  to-night. 

Thirdly,  we  can  consider  luminescence  from  the  point  of  view 
of  the  physical  nature  of  the  light,  and  I  judge  the  members  of  the 
Society  probably  knqw  more  about  that  point  of  view  than  any 
other,  because  the  one  thing  that  we  hear  concerning  a  firefly  is 
its  efficiency,  and  the  fact  that  it  is  a  "cold  light."  That  is  true 
for  every  luminous  form  which  has  been  investigated. 

Later  this  evening,  I  am  going  to  show  you  some  luminescence 
resulting  from  pouring  of  water  on  a  powder  prepared  from 
luminous  animals,  and  this  is  accompanied  by  quite  a  bright  flash 
of  light  that  lasts  for  some  time.  If  we  study  that  with  a  delicate 
thermometer,  there  is  not  any  perceptible  rise  of  temperature,  at 
least,  any  change  in  temperature  is  well  below  one-one-thousandth 
of  a  degree,  Centigrade,  so  you  see  there  is  no  increase  of 
temperature  which  could  possibly  be  felt  by  the  hand.  And,  of 
course,  you  know  that  physical  studies  of  this  light  have  shown 
that  the  light  itself  is  restricted  to  a  narrow  region  of  the  visible 
spectrum  and  that  there  is  no  infra-red  or  ultra-violet  radiation 
given  off.  The  spectra  of  all  luminous  forms,  are  merely  short 
continuous  spectra,  in  one  or  another  region  of  the  visible 
spectrum.  Even  two  species  of  fireflies  may  give  oft'  a  light  that 
is  slightly  different  in  spectral  content  from  each  other.  One 
firefly  will  extend  a  little  further  into  the  red  region  and  another 
may  extend  a  little  further  into  the  green.  So  we  get  lights 
slightly  different  in  color,  and  this  can  be  distinguished  by  the 
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naked  eye.  It  has  been  shown,  however,  that  that  difference  is  a 
real  difference ;  it  is  not  connected  with  any  eye  phenomenon, 
because  these  spectra  can  be  photographed  and  we  can  see  the 
difference  recorded  on  a  photographic  plate. 

Perhaps  the  main  thing  to  emphasize  in  connection  with  the 
physical  nature  of  this  light  is  that  it  is  exactly  the  same  as  any 
ordinary  light ;  it  can  be  polarized,  reflected  and  refracted.  It  is 
not  different  in  any  way,  except  that  the  spectrum  is  relatively 
shorter.  WHien  X-rays  were  first  discovered,  some  observers 
immediately  turned  to  luminous  animals  in  the  hope  of  finding 
some  kind  of  unusual  radiation  given  off  by  these  forms,  and  the 
earlier  observers  were  so  enthusiastic  that  they  did  find  a 
penetrating  radiation  given  off.  They  found  that  when  they  took 
fireflies  and  placed  them  over  a  photographic  plate,  which  was 
covered  by  a  piece  of  cardboard,  that  some  light  went  through 
this  cardboard,  and  affected  the  photographic  plate,  and  there  have 
been  several  papers  published  in  which  the  effect  of  penetrating 
rays  have  been  claimed. 

Later  it  was  proved  that  the  earlier  workers  had  not  suflficiently 
controlled  their  experiments.  The  light  on  the  plate  was  due  to 
something  from  the  cardboard.  Especially  yellow  cardboard  was 
found  to  give  off  vapors  which  would  affect  the  plate  and  the 
light  from  the  fireflies  did  not  pass  the  cardboard  at  all.  We 
know  pretty  definitely  now  that  no  form  of  penetrating  radiation 
is  given  off  from  any  luminous  form. 

Finally,  I  am  going  to  take  up  the  chemical  nature  of  the 
luminescence  because  that  is  the  subject  in  which  I  have  been  most 
interested.  I  find  that  whenever  I  mention  the  fact  to  people  that 
I  am  interested  in  luminescence,  they  always  ask  one  question, 
that  is,  whether  the  light  is  phosphorus  or  not.  It  is  easy  to 
answer  in  the  negative  that  the  light  has  nothing  to  do  with  the 
element,  phosphorus.  That  is  too  poisonous  to  be  found  in  living 
cells.  On  the  other  hand,  the  light  has  a  very  great  resemblence 
to  the  luminescence  of  phosphorus.  It  is  apparently  a  process  of 
a  very  similar  nature  which  occurs  in  living  cells.  In  the  first 
place,  it  is  an  oxidation  and  if  we  remove  the  oxygen  from  any 
luminous  animal,  the  light  will  disappear  entirely  and  absolutely, 
and  if  we  again  readmit  oxygen,  the  light  will  come  back  again. 
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This  is  a  very  interesting  experiment,  and  a  very  old  experiment. 
In  fact,  it  is  one  of  the  first  experiments  that  was  ever  made  on 
luminous  forms,  by  Robert  Boyle  in  1667. 

Boyle  at  that  time  was  experimenting  with  his  air  pump  and 
among  other  things  he  placed  a  little  piece  of  "shining  wood"  or 
phosphorescent  wood  under  the  receiver  of  his  air  pump.  He 
found  that  when  he  exhausted  the  air,  the  light  disappeared  and 
when  he  readmitted  air,  the  light  returned.  Of  course,  he  did  not 
know  that  it  was  oxygen  in  the  air  which  was  responsible  for  the 
effect,  but  nevertheless  I  think  we  can  credit  him  with  the 
discovery  that  the  luminescence  of  living  things  requires  the 
presence  of  free  oxygen. 

Tihe  second  chemical  fact  is  also  rather  an  old  one.  It  was 
discovered  by  Spallanzani,  an  Italian,  in  1794,  that  all  lumi- 
nescence required  water,  and  he  show^ed  that  he  could  take  any 
luminescent  animal  and  dry  it  and  the  light  would  disappear,  but 
that  if  you  kept  this  dried  material  and  at  some  later  time 
moistened  it  again,  then  the  light  would  reappear.  So  like  the 
experiment  with  oxygen,  we  have  here  another  perfectly  reversible 
process,  showing  that  luminous  animals  require  water  in  order  to 
phosphoresce,  and  you  see  what  a  different  process  this  must  be 
from  the  phosphorescence  of  minerals  under  the  influence  of 
radiation  of  various  kinds,  in  which  no  water  and  no  oxygen  is 
necessary. 

The  material  that  I  have  here  to-night,  and  that  I  am  going  to 
show  you  has  been  prepared  simply  by  taking  one  of  these 
luminous  forms  in  the  sea,  a  small  crustacean,  whose  name  is 
Cypridina,  and  drying  it  rapidly.  It  is  better  to  dry  it  over 
calcium  chloride  in  a  vacuum,  but  it  can  be  dried  in  the  air  if 
dried  rapidly.  If  you  take  those  dry  animals  and  grind  them  in 
a  mortar,  you  get  a  powder  of  this  sort.  In  this  powder  we  have 
the  luminescent  material  of  the  animals.  When  moistened  it  will 
give  a  pretty  bright  luminescence. 

This  experiment  shows  another  fact,  that  luminescence  is  not 
a  function  of  living  cells  in  the  same  sense  that  the  contraction 
of  a  muscle  or  propagation  of  a  nerve  impulse  is  a  function  of 
living  cells.  If  you  take  a  muscle  and  dry  it  quickly,  you  won't 
alter  its  form  or  constituents  and  then  if  you  put  it  in  water  again, 
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although  it  will  look  like  the  original  muscle,  you  can  stimulate 
it  as  much  as  you  like,  and  it  won't  contract.  The  muscle  has 
lost  its  contracting  power  by  drying.  You  can  do  the  same  with 
a  nerve.  After  it  has  been  dried,  you  can  wet  it  and  stimulate  it, 
but  it  has  lost  its  conducting  power.  Therefore,  wc  have  here  a 
loss  of  a  living  function  on  dr)'ing,  but  we  do  not  get  that  loss  of 
power  of  luminescence  on  drying  the  luminescent  organ  of  anv 
animal. 

Since  water  and  oxygen  are  necessary,  it  is  likely  that  some 
material  produced  by  the  cells  of  the  animal  is  oxidized,  and  this 
material  is  called,  to  use  a  general  term,  the  photogen,  but  to  use 
a  more  specific  term,  it  is  caled  luciferin,  using  the  Latin  instead 
of  the  Greek  derivitives. 

In  fact,  not  only  one  material  is  necessary,  but  two  materials 
are  found  to  be  necessary  in  order  to  get  light,  in  addition  to  water 
and  oxygen.  This  is  the  third  discoverj-  in  connection  with  the 
chemistry  of  luminescence.  It  was  made  by  a  Frenchman,  Dubois. 
in  1887.  He  found  that  if  he  took  a  luminous  extract  of  an 
animal,  he  could  separate  it  into  two  parts,  one  containing 
luciferin,  which  will  oxidize  with  the  production  of  light,  and  the 
other  part  containing  a  catalyst  or  enzyme  which  accelerated  the 
oxidation  of  luciferin.  The  two  substances  could  be  separated  by 
a  difference  in  their  properties,  and  that  is  an  experiment  which 
I  can  show  you  this  evening. 

The  material  which  oxidizes  with  light  production,  luciferin.  is 
not  destroyed  on  heating,  so  that  if  we  take  some  of  this  powder 
and  extract  it  with  boiling  water,  we  can  obtain  luciferin  in  that 
boiling  water  extract.  If  we  extract  the  dry  powder  with  cold 
water,  we,  of  course,  get  this  luciferin  also,  but  in  addition  we  get 
the  catalyst.  In  other  words,  we  get  the  two  substances.  If  we 
let  the  cold  water  extract  stand  for  a  while,  in  time  all  of  the 
luciferin  will  be  used  up,  because  the  catalyst  is  present.  The 
catalyst  will  be  left  behind  because  it  is  a  catalyst,  and  very 
minute  quantities  of  it  are  sufficient  to  oxidize  very  large 
quantities  of  luciferin.  So  in  cold  water  extracts  we  have  the 
catalyst,  which  has  been  called  lucif erase.  The  ending  a-s-e  is 
given  to  indicate  that  it  is  of  enzyme  nature,  because  in  bio- 
chemistry it  is  usual  to  indicate  the  ending  of  enzymes  with  a-s-e. 
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Therefore,  we  have  luciferin,  not  destroyed  with  heat,  oxidized 
in  the  presence  of  lucif erase,  destroyed  on  heating.  So  if  I 
prepare  those  two  sokttions  in  two  test  tubes,  so  long  as  the 
materials  are  separate,  they  won't  produce  any  hght  at  all.  If  I 
mix  the  two  tubes,  we  will  get  the  light  because  we  have  mixed 
those  two  substances  in  the  presence  of  oxygen  and  air,  and  we 
have  all  the  materials  necessary  for  luminescence. 

I  could  go  on  and  tell  you  something  of  the  properties  of  these 
substances,  because  I  have  worked  on  them  a  good  deal,  chemically. 
"We  can  obtain  the  substances  in  solution  in  water  and  they  can 
be  precipitated  by  various  reagents.  They  can  be  worked  with 
like  any  other  substances,  although  we  don't  know  what  the 
material  is.  Chemically,  luciferin  is  probably  to  be  placed  among 
the  proteins,  among  the  simpler  members  of  the  proteins,  the 
peptones  or  proteoses. 

The  question  as  to  whether  we  shall  ever  be  able  to  reproduce 
living  light  becomes  the  question  whether  we  shall  ever  be  able 
to  synthesize  the  proteins.  Personally  I  think  that  will  come  in 
time.  We  can  synthesize  fats,  sugars,  and  some  of  the  poly- 
peptids,  which  are  very  simple  proteins,  so  it  becomes  a  matter  of 
time  when  it  will  be  possible  to  synthesize  the  more  complicated 
proteins  of  which  this  luciferin  is  a  member. 

One  interesting  thing  in  connection  with  this  light  is  the  fact 
that  very  minute  quantities  of  luciferin  are  able  to  give  a  light 
which  is  easily  visible  to  the  eye.  I  once  made  a  calculation  which 
is  exceedingly  rough  and  probably  may  be  twenty-five  or  fifty  per 
cent  off,  but  which  showed  that  about  one  part  of  luciferin  in  a 
billion  and  a  half  of  water  will  give  a  light  which  is  visible  to  the 
naked  eye.  The  reason  such  a  minute  quantity  of  substance  gives 
a  perceptible  amount  of  light  is  on  account  of  the  extreme  sensi- 
tivity of  the  human  retina,  which  is  capable  of  seeing  an  energy 
change  of  almost  infinitesimally  small  amount. 

Finally  we  may  ask  what  happens  when  this  substance  is 
oxidized.  When  luciferin  is  oxidized,  does  it  go  to  carbon 
dioxide  like  other  food  stuffs  in  our  body.  You  know  sugar  and 
fat  are  oxidized  to  water  and  carbon  dioxide.  The  question  is, 
can  we  place  this  sort  of  luminescent  oxidation  in  the  same 
category?     I  think  we  cannot.     Experiment  has  shown  that  no 
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carbon  dioxide  is  produced  from  the  luminescence  of  an  animal, 
and  I  think  the  chanp^e  that  does  occur  is  a  very  simple  chanpe. 
Althoujjh  nothing  is  known  alx)ut  it  chemically,  we  can  at  least 
name  the  material  which  is  oxidized,  and  for  convenience,  we  can 
call  this  oxidation  ])n)duct,  oxy-luciferin.  That,  you  see,  is  a  very 
similar  nomenclature  to  the  one  which  is  used  for  the  red  pigment 
of  blood.  The  red  pigment  of  our  blood,  hemoglobin,  when  it  is 
shaken  with  air,  becomes  oxy-hemoglobin.  If  you  put  it  under 
an  air  pump  and  exhaust  all  the  air,  it  returns  to  reduced  hemo- 
globin or  hemoglobin  proper.  This  process  is  reversible.  It  will 
go  either  one  way  or  the  other,  depending  upon  the  amount  of 
oxygen  present.  Of  course,  in  our  lungs,  all  this  pigment  becomes 
oxy-hemoglobin.  When  the  blood  is  carried  to  the  tissues,  away 
from  the  lungs,  this  pigment  is  exposed  to  a  lack  of  oxygen  since 
the  cells  take  up  the  oxygen  and  it  becomes  reduced  hemoglobin. 

We  can  do  this  same  thing  with  luciferin.  We  can  allow  the 
Inciferin  to  become  completely  oxidized  and  then  bv  proper 
methods  we  can  reduce  the  oxy-luciferin  again  and  get  our 
luciferin  back.  The  methods  for  doing  that  are  not  quite  so 
simple  as  the  method  for  reducing  oxy-hemoglobin.  You  can't 
put  it  under  an  air  pump  and  get  this  reduction,  but  there  are 
methods  of  reducing  oxy-luciferin,  and  I  think  in  the  luminous 
animal  this  occurs.  When  a  firefly  flashes,  it  oxidizes  the 
luciferin  to  oxy-luciferin.  When  it  is  resting,  in  the  dark  between 
the  flashes,  this  oxy-luciferin  is  reduced  back  to  luciferin.  and 
then  the  firefly  is  ready  for  another  flash. 

I  don't  wish  to  say  that  all  the  luciferin  in  the  firefly  becomes 
oxidized  in  one  flash,  but  part  of  it  does,  and  in  the  time  between 
flashes,  part  is  reduced.  A  reversible  process  occurs  and  you  will 
note  that  this  is  an  extraordinary  process  from  the  chemical 
standpoint.  Here  is  an  animal  which  produces  a  lamp  which 
burns  an  "oil,"  and  after  that  "oil"  has  been  burned,  the  "oil"  is 
re-formed,  and  it  is  ready  to  be  reburned.  We  have  the  process 
simply  going  back  and  forth  according  to  the  amount  of  oxygen 
which  is  present.  Not  only  from  the  physical  but  from  the 
chemical  standpoint  the  firefly  is  highly  economical. 

I  am  sorry  that  I  can't  show  you  reduction  of  the  oxy-luciferin 
because  that  takes  some  time,  and  the  process  of  reduction  is  not 
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as  complete  as  the  process  of  oxidation.  You  can't  ever  recover 
all  of  the  luciferin  which  has  become  oxidized,  at  least  I  haven't 
been  able  to  in  a  test  tube.  It  may  be  that  the  living 
organism  does  that,  but  one  can  recover  part  of  it  and  in  fact 
enough  to  show  that  the  process  will  occur. 

So  we  have,  I  think,  without  any  doubt  the  luminous  animal's 
light  resulting  from  the  oxidation  of  a  substance  which  is  of  a 
protein  nature  in  the  presence  of  water  and  a  catalyst,  and,  of 
course,  free  oxygen. 

Now,  in  the  oxidation  of  phosphorus,  we  don't  have  all  these 
substances  necessary,  so  that  phosphorus  does  not  present  a 
perfect  parallel  to  animal  luminescence.  But  we  can  very  easily 
mimic  this  animal  luminescence  with  a  common  substance  such  as 
pyrogallic  acid.  This  can  be  very  easily  oxidized  by  some  organic 
catalyst  with  the  production  of  light.  If  one  takes,  for  instance, 
a  test  tube  containing  a  minute  quantity  of  pyrogallic  acid  solution, 
with  a  little  hydrogen  peroxide  added,  and  to  that  test  tube  adds 
potato  juice,  one  gets  a  luminescence.  The  potato  supplies  an 
enzyme  that  acts  as  the  lucif erase  does  in  luminous  animals. 
Pyrogallic  acid  corresponds  to  luciferin.  The  light  is  weak  and 
for  other  reasons,  I  doubt  if  we  will  be  able  to  light  our  houses 
with  potato  juice,  but  it  does  mimic  the  process  which  goes  on  in 
living  animals,  and  I  think  it  offers  rather  conclusive  proof  that  we 
do  actually  have  this  enzymic  process  going  on  in  living  things  and 
necessary  for  the  production  of  living  light. 
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LUMINESCENCE  AS  A  FACTOR  IN 
ARTIl-ICIAL  UOIITING* 


BY  E.   L.    NICHOLS** 


Members  of  the  Illuminating  Engineering  Society,  Ladies  and 
Gentlemen.  When  I  was  asked  to  speak  to  the  society  to-night 
on  the  work  in  which  I  have  been  chiefly  engaged  in  recent  years  I 
selected  as  my  title  Luminescence  as  a  factor  in  artificial  lighting. 
It  might  have  been  put  in  the  form  of  a  question : 

"Is  luminescence  a  factor  in  artificial  lighting  or  is  it  ever 
likely  to  be  ? 

LUMINESCENCE  OF  COLD  BODIES 

The  term  luminescence  is  a  very  broad  one.  Commonly  we 
think  of  it  as  applying  to  the  glowing  of  bodies  at  ordinar\' 
temperatures. 

Here  we  have  two  distinct  types : 

(i)  The  very  wonderful  sort  of  luminescence  which  Dr. 
Harvey  has  just  described  to  us/  that  is,  the  form  of  light  given 
off  by  marine  forms  and  by  certain  other  animals  and  plants. 

(2)  The  luminescence,  very  commonly  spoken  of  as  phos- 
phorescence, of  certain  sulphides  and  other  chemical  compounds, 
which  when  exposed  to  light,  to  the  kathode  discharge  to  X-rays 
or  to  radium,  give  off  light. 

Were  it  a  question  of  either  of  these  two  types  of  luminescence 
one  would  answer,  as  to  whether  they  were  a  factor  in  arti- 
ficial lighting,  by  saying  "No."  As  to  whether  they  ever  are 
to  be  a  factor  I  should  say  after  listening  to  to-nights  paper  by 
Dr.  Harvey  that  probably  the  chemists  of  the  future  and  possibly 
the  chemists  of  our  own  day,  would  learn  to  make  luci ferine  on  a 
large  scale,  synthetically  and  that  with  such  material  luminescence 
in  artificial  lighting  might  well  come  about. 

These  tjpes  of  luminescence  which  occur  at  low  temperatures 
are  not  the  only  forms.     In  the  broader  sense  of  the  word  any 

•.\  papfr  presented  at  the  Annual  Convention  of  the  niuminating  Ens;inrerin(j 
Society,  Rochester,  N.  V.,  Sept.  j6-2g,  1921. 

••Department  of  Physic*.  Coriiill  University,  Ithaca,  N.  Y. 

•  Reference  is  1  ere  made  to  the  paper  on  Animal  Light  by  H.  Newton  Harvey. 
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form  of  light  which  is  not  produced  simply  as  the  result  of  heat- 
ing; in  other  words  any  form  which  does  not  obey  the  ordinary 
laws  of  temperature-radiation,  is  to  be  classified  as  luminescence. 
This  greatly  broadens  the  field  of  inquiry. 

Ordinary  phosphorescent  substances:  sulphides,  willemite, 
sidot  blende,  etc.,  are  very  far  from  being  of  an  order  of  bright- 
ness which  would  render  them  useful  for  lighting  purposes.  They 
are  pleasant  to  look  at  but  not  intense  enough  to  illuminate  their 
surroundings  effectively.  We  may  say  as  a  general  rule  that  any- 
thing bright  enough  to  light  a  room  is  not  good  to  look  at  and  that 
anything  pleasing  to  look  at,  like  the  tubes  of  glowing  material 
which  Dr.  Harvey  has  just  shown  us,  is  of  too  low  an  order  of 
brightness  to  be  a  practical  factor  in  artificial  lighting. 

Within  the  last  few  days  I  have  made  measurements  on  a  few 
of  the  ordinary  phosphorescent  substances  and  I  have  made  out 
a  table  from  which  you  can  form  a  definite  notion  of  the  essential 
dimness  of  such  sources  of  light.  To  give  a  concrete  idea  of  the 
intrinsic  brightness  I  selected  as  my  comparison  unit  the  bright- 
ness of  a  tungsten  filament  at  2000°  C.  This  represents  very 
fairly  the  brightness  of  our  incandescent  vacuum  lamps  of  to-day. 
To  render  the  data  a  little  more  modern  I  have  expressed  them 
also  in  lamberts. 

The  excitation  of  these  substances  was  by  means  of  an  iron 
spark  at  a  distance  of  about  ten  centimeters.  The  spark  was 
actuated  by  the  step-up  transformer  designed  by  W.  C.  Andrews 
for  this  purpose. 

Regarded  as  sources  of  light  all  of  these  materials  must  be 
classed  as  very  dim.  As  may  be  seen  from  the  values  in  Table  I 
their  intrinsic  brightness  is  of  the  order  of  few  millionths  of 
that  of  an  ordinary  incandescent  lamp  filament. 

Unless  someone  discovers  a  means  of  making  luminescent 
bodies  that  are  vastly  brighter  than  the  best  now  known, 
luminescence  may  be  excluded  altogether  as  a  factor  in  artificial 
lighting. 

LUMINESCENCE  OF  INCANDESCENT  BODIES 

Luminescence  of  the  types  we  have  been  considering,  and  these 
are  the  only  forms  generally  recognized  as  such,  ceases  below 
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TABLE  I. 
Thh  Intrinsic  Brightness  of  Fluorescence. 


Fluorescent  siibstnnce                              Brifrhm...*  Brightness 

^      n      '■ — Z7TT, ^^^^^ ^      Brightness* in  lamberu 

Synthetic  Willomite  (L)  2 21  V  Tn-»  ,  ,^,  ^ — T~ 

Synthetic  Willemite     A  f^  ^    °-.  ^OS  X  10 

Natural   W  illcmite    ( F.  F  )  o  S  v    o-  ^  ^"^  ^  '°' 

Sidot   Blende    (R)  ?"^  v    n-  °^ii5'^ 

Calcite    (Langban)  oitoi^n-  °-73i  X  lo* 

Cadmium  Phosphate  (A)  o S  o  V    n-  ° °'^«  5  '°' 

Uranyl   Potassium    Sulphate  sCx^o"  "ifot^ -^ 

Uranyl    Ammonium    Sulphate  366X10-  ^S  ^  !°- 

Uranyl  Rubidium  Chloride  f  ^  Q    o-  n  «?t V  -« 

Uranyl  Potassium  Xitrate  [^  v    n-  "  ?  '° 

Uranyl   Xitrate  J"^?  J    °  o  753  X  lo" 

Uranyl  Caesium  Nitrate  0 010  X  ?o-  o^'  5  '°' 
Uranyl  Acetate  ^'L'^  J  JJ. .  0-57i  X  lo' 
Uranyl  Potassium  Fluoride  o 7^6  v  n-  ""'^E^ '''': 
Uranyl  Caesium  Acetate  olt,  Y  n-  ^^^  5  '°' 
Uranyl  Lead  Acetate  o  ^o^  v  n-  "^^^  X  '''" 
0594  X  10 o 375  X  IQ-' 

^^he  unit  of  brightness  in  this  column  is  that  of  a  tungsten    filament  at 
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the  red  heat.  There  is  however  powerful  luminescence  of 
incandescent  matter  and  this  type  has  been  for  many  years  a 
more  or  less  important  factor  in  artificial  lighting.  The  li^rht 
from  \ernst  glowers,  mantle  burners  and  luminous  flames  in 
which  carbon  is  not  the  glowing  material  is  in  part  due  to 
ummescence.  The  same  is  likewise  true  of  flaming  arcs,  vacuum 
tubes  and  such  sources  as  the  lime-light. 

Many  years  ago  E.  Wiedemann^'  put  forth  the  suggestion  that 
colored  flames,  such  as  the  sodium  flame  are  luminescent  and 
Ebert3  established  this  claim  upon  an  experimental  basis  bv 
demonstratmg  that  the  intensity  of  such  flames  is  essentially 
mdependent  of  their  temperature. 

Ebert  found  that  the  temperature  of  flames  could  be  increased 
by  the  mtroduction  of  free  oxygen  or  diminished  bv  the  use  of 
carbon   dioxide,   through    a    range   of   several    hundred   degrees 

=  K    Wiedeman.     .^nnalrr,  d,r  Pk.sik.  XXXVII.  p.  ,77  (,88g) 
Hbert:    JaHrbuch  fur  Photo^rapH,.  unJ  A'.prciucnonsUcTn.i.  ,..  5.,  ,,^.,. 
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without  appreciably  changing  the  brightness  of  their  spectra: 
from  which  he  concluded  that  the  radiation  was  not  due  primarily 
to  temperature.  The  views  of  Wiedemann  and  of  Ebert  on  the 
nature  of  colored  flames  have  since  been  corroborated  by 
Bancroft  and  Weiser,'*  Trautz^  and  other  physical  chemists  and 
I  have  very  recently  found  confirmation  of  the  luminescence  of 
such  flames  from  the  structure  of  their  spectra;  which  like  the 
typical  spectra  of  fluorescent  bodies  at  ordinary  temperatures  are 
made  up  of  series  of  equidistant  bands. 
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Fig.  I— Structure  of  Flame  Spectra. 

In  Fig.  I  are  given  charts  of  the  flame  spectra  of  tellurium, 
selenium  and  sulphur  which  exhibit  this  characteristic  structure. 
At  the  bottom  of  each  diagram  are  the  locations  on  a  frequency 
scale  of  the  bands  found  by  Eder  and  Valenta^  and  by  Hartley.'^ 
Above  it  is  shov^^n  that  these  bands  are  members  of  series  having  a 
constant  frequency  interval  of  33.5  for  tellurium,  26.0  for 
selenium  and  22.0  for  sulphur. 

*  Bancroft  and  Weiser,  Journal  of  Physical  Chemistry,  XVIII  p.  281  (1914)  and  iu 
subsequent  members. 

s  Trautz.  Zeikhyi/I.  der  Physikalischen  Chemie,  XVII,  p.  675  (I905). 

*  Eder  and  Valentn,  Atlas  Typischen  Spf.ctreii,  p.  7. 
'  Hartley,  Phil.   Trans.  (1894)  p.   li.i. 
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That  such  a  structure  is  found  in  all  flame  spectra  and  that, 
since  it  is  only  known  in  luminescence  we  are  justified  in 
including  this  class  of  flames  among  luminescent  bodies,  will  be 
developed  in  a  forthcoming  paper.  By  Nirtue  of  their  spectra 
we  are  led,  in  the  same  way,  to  include  flaming  arcs  and  the 
radiation  from  vacuum  tubes  among  luminescent  sources. 

That  certain  incandescent  solids  have  superimposed  upon  their 
temperature,  true  luminescence  of  considerable  intensity  has  been 
brought  out  definitely  and  quantitatively,  only  ver}'  recently. 
This  type  of  luminescence  was  not  altogether  unknown  but  it  has 
been  almost  completely  overlooked  because  it  is  accompanied  by 
;md  is  blended  with  the  usual  temperature  radiation.  Where 
recognized  at  all  it  has  simply  been  classified  as  selective 
radiation.     This  is  not  a  sufficient  designation  because  a  body 


Fig.  2— Distribution  of  Intensity  in  the  Spectrum  of 
Lutninescenl  Zinc'Oxide. 


that  radiates  by  virtue  of  its  temperature  alone  can  never  surpass, 
in  any  part  of  the  spectrum,  the  radiation  from  an  ideal  black 
body  at  the  same  temperature.  That  certain  oxides,  when 
heated  to  incandescence  do  however  radiate  many  times  as 
intensely  as  a  black  body — for  a  given  temperature  and  wave- 
length— has   been   definitely   known    for    thirt}'    years."     Fig.    2 

>  Nichols  and  Snow,  Phil.  Mag.  (5),  X.K.Yin,  p.  19  (1891). 
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is  from  measurements  by  the  present  writer  and  B.  W.  Snow 
made  in  1891.  It  gives  the  brightness  of  the  radiation  from 
zinc  oxide  at  800°  C,  900°  C.  and  1000°  C.  referred  to  that  of 
the  same  wave  lengths  from  a  black  body  at  those  temperatures. 
The  black  body  radiation  is  represented  by  the  horizontal  line 
at  ordinate  unity.  The  curves  indicate  the  relative  brightness  of 
the  light  from  ZnO  at  the  temperature  in  question. 

It  will  be  seen  that  at  800°  the  oxide  is  a  poorer  radiator  than 
the  black  body  throughout  the  spectrum,  as  befits  a  whitish, 
transparent  substance.  The  radiating  power  at  that  temperature 
diminishes  markedly  towards  the  violet. 

At  900°  a  band  is  developed  in  the  blue-violet  and  the  entire 
spectrum  beyond  0.56  fi  is  brighter  than  that  of  a  black  body. 
This  luminescence  band,  the  crest  of  which  doubtless  lies  in  the 
violet  or  ultra  violet,  is  much  stronger  at  1000°  but  at  somewhat 
higher  temperatures,  not  indicated  on  the  diagram,  it  disappears 
again.  Clearly,  if  we  were  to  use  a  surface  of  zinc  oxide  at  1000° 
for  artificial  lighting  we  should  obtain  a  light  more  intense  than 
that  from  a  black  body  and  of  a  bluish  tone. 

LUMINESCENCE  BY  FLAME  EXCITATION 
If  instead  of  heating  zinc  oxide  electrically  on  a  strip  of  plati- 
mum  as  was  done  in  the  experiments  just  described,  a  hydrogen 
flame  is  used,  luminescence  of  another  type  will  be  observed. 
In  the  outer  zone  of  the  flame  which  separates  the  inner  region 
where  reduction  takes  place  from  that  where  oxidation  occurs 
by  access  to  the  surrounding  air.  The  phenomena  thus  produced 
which,  are  common  to  many  substances,  have  recently  been 
described." 

Measurements  of  the  brightness  of  a  coating  of  zinc  oxide  thus 
heated,  observations  being  made  through  a  red  screen  (equivalent 
wave  length  0.65  fi)  gave  the  results  indicated  in  Fig.  3.  Curve 
E  is  for  intensities  within  the  active  zone,  curve  U  for  intensities 
outside  that  zone  but  at  the  same  temperature.  These  are  to  be 
compared  with  the  corresponding  intensities  of  a  black  body, 
curve  B.B. 

'  Nichols  and  Will)cr.  Physical  Rf.view  (2),  XVII,  p.  453  (19:21). 
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Fig.  3— Intensity  of  Luminescent  Zinc  Oxide  under  Flame  Excitation. 


It  will  be  noted  that  up  to  800°  C.  the  excited  region  is  much 
brighter  than  a  black  body  at  the  same  temperature  while  the 
unexcited  region,  although  of  the  same  temperature,  is  much 
dimmer.  At  about  1000°  C.  the  outburst  in  luminescence  is 
over,  the  zinc  oxide  is  of  the  same  brightness  within  and  outside 
of  the  active  zone  and  each  is  about  half  as  bright  as  the  black 
body  at  that  temperature.  At  the  height  of  the  effect,  which 
occurs  at  about  800°,  the  luminescent  oxide  is  eleven  times  as 
bright  as  the  ideal  black  body  and  at  the  same  temperature  it 
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is  T15  times  as  bright  as  the  non-luminescent  oxide  (See  Table 
11  and  Fig.  4.)  Thus  by  exciting  this  oxide  to  luminescence; 
i.  e.,  by  providing  conditions  for  alternate  reductions  and  oxida- 
tions at  the  edge  of  the  hydrogen  flame,  we  increase  its  radiation 
more  than  one  hundred  fold. 


TABLE  II. 

Ratio 

OF 

Brightness 

ZnO 

ZnO 

(  LUMINESCENT  ^ 
(NON-LUMINESCENT) 

Temp. 

Ratio 

Temp. 

Ratio 

565°  c. 

650 

700° 

750" 

I.OO 

12.5 
28.0 

43-5 

815° 
850° 
900° 
950° 

II5-0 
58.0 
22.5 

I.OO 

RATIO   OF  BRSQHTNESS 

ZmO  (lum.):  Zvxo  (mom-lum.) 

-120 

-JOO                                 /     1 

-80                                       / 

0                                   /          1 

-40                                /                \ 

-20                        /                            \ 

500*       6p#      700°       epO"       90^ 

1000° 

I 

Fig.  4 — lirightness  of  Lnniinscent  and  Non-luiuinscent  Zinc  O.^cide  compared. 


This  effect  is  accompanied  by  other  changes  in  the  properties 
of  the  substance.  The  emission  for  instance,  as  may  be  seen 
from  Table  III  and  Fig.  5,  passes  through,  a  minimum  at  the 
temperature  (800°)  which  corresponds  to  the  maximum  of 
the  luminescence.      Within  the  temperature  range  where  the  out- 
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burst  occurs  tlure  arc  also  disturbances  in  the  value  of  the  electri- 
cal resistance  of  the  oxide  as  has  been  recently  pointed  out  in 
a  paper  before  the  American  Physical  Society.*'^ 

TABLE  III. 
Emissivity  of  Zinc  Oxidk  Auovh  thk  Red  Hicat 


Temp. 
700»   C 

750"  C 

800°  C 


Emissivity 

0.295 
0.206 
0.104 


Tgmp. 

850° 

900® 

1000* 


Emissivity 

0.096 
0.123 
0.500 


EMJSSIVITY    OF  NON-LUMIM- 
^        ESCEMT  ZIMC  OXIDE. 


—  1 


Tpo""       800°       900°       1000° 
I 1 1 I L_J 

Fig.  5  Changes  in  the  Emissivity  of  Zinc  Oxide. 


THE  BLUE  GLOW 

Another  form  of  luminescence  obtained  between  the  red  heat 
and  1000°  C.  has  been  called  the  blue  glow^^  because  when 
brought  to  the  temperatures  of  low  incandescence  the  substances 
exhibiting  it  appear  blue  instead  of  red. 

'0  Nicholy,  Phyiical  Review  (»).  XVII,  p.  429  (19J1) 

optlcnfS^y  ;"f  ^^';.';e"ic:.''<!;ct''li.  Vi'.i.'°  *"  P'""'"'  "'  '"*^  ^*"»'-'-  •«"'-«*»'  •". 
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This  effect  has  been  observed  in  various  oxides  such  as  CaO, 
MgO,  BeO,  ZnO,  SiOo,  ALO.,  and  certain  of  the  rare  earths; 
also  in  the  mineral  fluorite.  It  is  favorably  seen  when  the 
substances  in  question  are  heated  by  means  of  the  H-O 
flame  being,  like  luminescence  by  flame  reaction,  dependent  on 
free  oxygen ;  but  the  presence  of  a  flame  is  not  necessary  to 
the  production  of  the  glow.  The  blue  glow,  like  very  many 
other  forms  of  luminescence,  is  intimately  related  to  and  depen- 
dent upon  some  process  of  oxidation.  It  is  markedly  subject 
to  fatigue  and  is  affected  by  previous  heat  treatment.  Like 
luminescence  by  flame  excitation  it  is  a  phenomenon  associated 
with  conditions  of  instability  and  of  transition  from  one  state 
of  equilibrium  to  another,  and  it  is  often  followed  at  still  higher 
temperatures  by  other  and  more  complicated  manifestations  of 
mminescence. 

When  the  light  from  bodies  exhibiting  the  blue  glow  is 
measured  we  find  that  the  blue  of  the  spectrum  which  contains 
the  luminescent  light  is  vastly  brighter  than  the  corresponding 
region  in  the  spectrum  of  the  black  body  and  that  the  ratio  is 
greater  the  lower  the  temperature,  running  to  hundreds  or  even 
thousands  at  the  lowest  point  at  which  measurements  are  possible. 

The  red  end  of  the  spectrum  which  consists  wholly  of  tem- 
perature radiation  is  on  the  other  hand  exceedingly  weak  at  the 
lowest  temperatures  and  approaching  that  of  the  black  body  as 
the  temperature  rises. 

A  typical  care  is  that  of  aluminum  oxide  the  brightness  of 
the  radiation  from  which  for  0.45  ju  and  0.65  ju,  in  terms  of  the 
corresponding  intensities  of  a  black  body  is  given  in  Table  IV. 

TABLE  IV. 
The  Blue  Glow  of  Aluminum  Oxide 


Ratio:    I(Oxide) 

-7-r(B.B.) 

Ratio:     I(Oxide)I-=-(B.B.) 

Temp. 

065^ 

0.45  /^ 

Temp. 
1263"  C. 

0.65  ;u, 
0.288 

0.45 /^i 

665°  c. 

0.000676 

900 

2.50 

735° 

0.00128 

276 

1328° 

0-357 

2.37 

837° 

0.00536 

42.6 

1394° 

0.438 

2.34 

960° 

0.0214 

10.7 

1462° 

0.448 

2.13 

1037° 

0.0408 

5.22 

1476" 

0.479 

2.19 

1097° 

0.0798 

3-18 

1484° 

0.547 

2.16 

"45° 

0. 119 

2.92 

1503° 

2.15 

1190° 

0.168 

2.83 
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The  curve  in  Fig.  6  shows  the  extraordinary  fall  of  this  ratio 
for  0.45  n  from  nearly  200°  at  665°  very  low  values  at   1000*"^ 


2000 
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Th«  Blue  Gluw  of  Aluminum  Oxide 


I(0>kI«> 

TIrTT 


700  800  900  :coo 

DEGREES 
Fig.  6— The  Blue  Glow  of  Alumnium  Oxide. 


THE  LUMINESCENCE  OF  SOLIDS  ABOVE  1000°  C. 

This  is  likewise  a  phenomen  of  instability,  frequently  if 
not  always  indicative  of  some  transformation  or  rearrangement 
of  the  molecular  structure.  It  is  to  be  observed  in  several  of  the 
oxides  already  mentioned,  notably  in  CaO,  SiO,  and  BeO,  in 
other  minerals  and  in  several  of  the  rare  earths,  It  is  often, 
but  by  no  means  always  associated  with  the  blue  glow. 

A  striking  example,  where  the  two  effects  are  combined  is 
that  of  certain  varieties  of  fluorspar  which  when  heated  first 
glow  blue  and  afterwards  as  a  temperature  between  1200°  and 
1400°  is  approached  burst  into  strong  luminescence  of  almost  the 
whole  visible  spectrum. 

The  phenomenon  is  graphically  shown  in  Fig.  7  in  which  the 
readings  from  Table  V  are  plotted  in  two  different  ways.  In 
Fig.  7  (A)  the  ratios  of  the  brightness  of  two  wave  length?.  0.45  fi 
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TABLE  V. 
The  LuMrNEScENCE  From  Incandescent  Fluorspar 


Brightness  of  Fluorspar 


Temp. 

0.65  (U, 

0.50  ft 

0.45  1^1 

735° 

.00000124 

.000276 

.0263 

837' 

.00000239 

.00596 

.0661 

960° 

.0700 

0.459 

2.46 

1037° 

0.990 

923 

26.5 

1097° 

7.80 

53-1 

102.4 

1145° 

116. 0 

394-0 

316.0 

1190° 

836.0 

1024.0 

468.0 

I22S'' 

955-0 

1334.0 

653.0 

1263° 

1035-0 

I545-0 

938.0 

1294° 

1067.0 

1679.0 

1334.0 

1328° 

1480.0 

1820.0 

1799.0 

1362" 

1622.0 

1758.0 

1915.0 

1394° 

1800.0 

2019.0 

2270.0 

1462° 

I334-0 

1928.0 

I 000.0 

J  500° 

Ratio=I(fl.)/I(b   b.) 


0.65 /x 

0.50  n 

0.4.5  1^ 

.000995 

0.224 

21.3 

.000975 

0.243 

2.70 

0.167 

1. 000 

5-35 

0.507 

4-73 

13-6 

I-3I 

8.96 

17.2 

8.77 

29.9 

23.9 

31-4 

38.5 

17.6 

20.9 

29.2 

14.3 

13-5 

19.9 

12.2 

9-23 

14.5 

II-5 

8.30 

10.2 

10.  r 

6.10 

6.6r 

7.20 

4.63 

5.19 

5.82 

1.60 

2.33 

1. 21 

800     1000    1200    1400 
DECREES 


800     1000    1200    1400 
DEGREES 


Fig.  7 — Outlnir.st  of  I,uiiiiuesceiice  from  Incniide.scent  Fluorite. 


LUMINKSCENCK  AS  A  FACTOR  IN   AkTlFlCIAI.  I.lf.HTlNG        343 

and  0.65  fi,  to  that  of  the  corresponding  regions  in  the  spectrum 
of  a  black  body  at  the  same  temperature  are  plotted.  In  Fig. 
7  (B)  all  ordinates  are  intensities  in  terms  of  that  of  a  black 
body  at  1000°  C.  In  the  latter  diagram  we  have  a  picture  of  the 
luminescent  radiation  super-imposed  upon  the  temperature  radia- 
tion and  of  an  incandescent  body  which  is  actually  brighter  at 
1400'^  than  when  it  is  further  heated  to  i=,oo°. 

Like  the  blue  glow  these  cases  of  luminescence  alx)ve  1000° 
are  subject  to  fatigue  and  are  profoundly  dependent  upon  the 
previous  heat  treatment  of  the  material.  The  detailed  account 
of  these  effects  and  the  methods  by  which  they  are  being  studied 
will  be  given  in  a  paper  now  in  preparation. 

The  luminescence  of  incandescent  bodies  below  1000°  has 
been  mentioned  in  this  paper,  not  because  it  is  likely  to  be  im- 
portance in  artificial  lighting  in  the  present  stage  of  its  develop- 
ment but  because  it  obviously  affords  possibilities  in  the  future. 
Luminescence  above  1000°,  however,  has  already  had  a  certain 
part  in  illumination.  Some  if  not  all  of  the  oxides  which  enter 
into  the  composition  of  Xernst  filaments,  of  gas  mantels  and  of 
the  refactory  bodies  used  to  enchance  the  light  of  certain  are 
lamps  are  capable  of  luminescence,  as  are  the  lime^-  and  zirconium 
oxide  of  the  old  fashoned  Drummond  light  and  Lindemann  light. 

It  is  true  that  the  radiation  from  these  various  sources  shows 
such  insignificant  departures  from  the  ordinary  temperature 
radiation  pertaining  to  the  state  of  incandescence  to  which  thev 
are  brought  as  to  warrant  the  generalization  that  luminescence 
is  at  best  a  very  minor  factor.  This  is  probably  due  to  the  fact 
that  luminescence  of  the  forms  considered  here  ceases  at  tem- 
peratures (1300°  to  1500°)  lower  than  those  to  which  the  bodies 
used  in  lighting  have  been  heated.  Coblentz,  some  years  ago, 
described  the  gradual  passing  of  the  very  highly  selective  radia- 
tion as  observed  in  the  Nemst  glower  into  the  ordinary-  tvpe  of 
temperature  radiation  at  commercial  working  conditions. 

"  Nichols  and  Crehore:  Physical  Review,  (i)  II.  p.  i6t  (1*94). 
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LUMINESCENCE  OF  NASCENT  ZINC  OXIDE 

There  is  however  powerful  luminescence  of  a  metallic  oxide 
which  is  continually  employed  in  a  very  special  form  of  artificial 
lighting. 

I  refer  to  the  luminescence  produced  in  an  incandescent  solid 
in  the  burning  of  metallic  magnesium,  the  flame  of  which  owes 
its  great  actinic  power  to  the  extraordinary  outburst  of  blue 
and  violet  radiation  from  the  newly  formed  magnesium  oxide. 
The  temperature  at  which  this  effect  occurs  was  studied  thirty 
years  ago  under  the  writer's  direction  by  F.  J.  Rogers^'  who 
also  explored  the  visible  spectrum.  The  part  which  the  lumines- 
cence of  solids  may  play  in  illumination  is  perhaps  better  illus- 
trated by  the  results  of  this  investigation  than  by  any  other  data 
as  yet  available.  Interpreted  into  modern  terms,  which  was  not 
possible  at  the  time  when  the  experiments  were  made,  we  find  that : 

(i.)  The  color  temperature  i.  e.,  that  to  which  the  radiation, 
as  indicated  by  the  distribution  of  intensities  in  the  spectrum, 
corresponds  is  about  5000°  C.  The  curve  is  nearly  identical 
with  that  of  an  overcast  sky. 

(2.)  The  actual  temperature,  as  estimated  by  the  use  of  a 
platimum-rhodium  thermo-junction  is  about  100°  above  that  of 
the  average  temperature  within  a  Bunsen  flame  /.  e.,  not  over 
2000°  C.  This  means  that  only  about  2  per  cent  of  the  radiation 
from  the  magnesium  oxide  in  such  a  flame  is  temperature- 
radiation  and  that  more  than  98  per  cent  is  due  to  luminescence. 

(3.)  Of  the  6,010  calories  liberated  by  the  burning  of  a  gram 
of  magnesium  it  was  found  that  no  less  than  4.630  calories  or 
75  per  cent  were  in  the  form  of  radiant  energy  of  which  nearly 
14  per  cent  lay  in  the  visible  spectrum.  The  total  efficiency  or 
light  energy  is  therefore  about  10  per  cent  of  the  heat  of  combus- 
tion; a  value  unapproached  I  believe  among  the  known  transfor- 
mations of  energy  used  in  the  production  of  light. 

Luminescence  is  then  chiefly  responsible  for  the  extraordinary 
performance  of  this  oxide.  Were  the  comparatively  abundant 
metal  available  at  a  price  which  permitted  its  use  as  a  light- 
making  fuel,  the  magnesium  light  would  have  a  field  in  practical 

18  Rogers,  American  Journa/  of  Science,  XI<III  p,  301  (1892). 
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illumination.  Unfortunately  the  (.xicle  will  repeat  its  luminescent 
glow,  only  m  greatly  diniinislu-d  intensity  uj.on  reheating  to  the 
temperature  of  the  flame.  Whether  its  pristine  brilliancy  can  be 
restored  by  any  process  short  of  reduction  to  the  metallic  form 
and  re-ox.dation  by  combustion  is  not  as  yet  known.  Herein 
hes  a  difficult  but  possibly  remunerative  field  for  investigation 


13 
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A  LOW- VOLTAGE,  SELF-STARTING,  NEON- 
TUNGSTEN  ARC-INCANDESCENT  LAMP.* 


BY  D.   MCFARLAN   MOORE-** 


A  quarter  of  a  century  ago,  a  lamp  was  conceived  of  that 
paralleled  the  then  supreme  3.6-watt  per  candle  carbon  incandes- 
cent lamp,  but  the  light  of  which  was  to  radiate  from  a  gas,  in 
contra-distinction  from  a  heated  solid. 

Such  a  lamp  in  a  complete  form  has  not  yet  been  produced, 
but  many  new  varieties  of  gaseous  conduction  lamps  have  been 
evolved,  each  one  of  which  possesses  one  or  more  of  the  dozen 
or  so  most  essential  features,  but  usually  in  combination  with 
some  undesirable  feature  that  in  some  instances  was  new.  For 
example,  high  efficiency  was  obtained  by  resorting  to  vacuum 
tubes,  several  hundreds  of  feet  long,  such  a  lighting  system 
or  lamp  being  far  from  equivalent  to  a  simple  incandescent  lamp 
bulb.  Other  interesting  lamps  of  this  character  were  objection- 
able in  requiring  either  high  voltage  or  high  frequency  or  aux- 
iliary apparatus,  consisting  of  condensers,  reactances,  resistances, 
electrode  heating  circuits,  etc.,  for  either  starting  or  normal  oper- 
ation. Other  lamps  had  an  objectional  color,  short  life,  poor 
efficiency  or  low  intensity. 

For  many  years  it  seemed  impossible  to  obtain  any  gaseous 
conduction  phenomena  with  less  than  220  volts.  However, 
perhaps  the  lamp  described  by  the  author  in  a  paper  presented  to 
the  A.  I.  E.  E.  on  March  6th.  1920,  covered  a  lamp  m.ost  nearly 
approaching  the  goal  sought  for.  In  two  main  particulars,  the 
lamp  described  was  not  perfectly  satisfactory,  the  candle-power 
per  lamp  being  too  low  for  most  uses,  and  the  watts  per  lumen 
much  too  high.  At  the  present  time  all  theory  seems  to  indicate 
that  to  increase  materially  the  luminous  efficiency  of  light  sources 
in  general,  one  must  resort  to  gaseous  radiation  by  means  of  which 

*A  paper  presented  at    the  Annual    Convention   of  the  Illumiuf'ting  Engineering 
Society,  Rocliester,   N.  Y.,  Sdptember  26-29,   1921. 

**  Edison  I<amp  Works  of  General  Electric  Co.,  Harrison,  N.  J. 
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it  may  be  possible  to  reduce  to  about  one  tenth  the  energy  now 
required. 

Figure  i  shows  one  of  the  many  forms  of  what  may  be  called 
a  plain  corona  or  cold-radiator  lamp,  2^4  in.  in  diameter.  It  is 
the  first  commercial  electric  lamp  whose  radiating  wires  which 
correspond  to  the  filament  of  an  ordinary  incandescent  lamp,  are 


Figs.  I,  7  and  3. — Types  of  Neon-Tungsten  Incandescent  I^mps. 

"cold"  (that  is,  they  operate  below  red  heat).  Even  though  it 
is  a  gaseous-conduction  lamp,  (that  is,  there  is  not  a  continuous 
metallic  circuit  within  the  lamp)  it  operates  on  iio-volt  circuits 
and  has  a  power  consumption  as  low  as  0.25  watt  from  the  supply 
system. 

The  light  consists  of  a  velvety  pinkish  glow  or  corona  en- 
veloping the  paralleled  wire  helices.  These  helices  are  0.75  in. 
in  diameter  and  i  in.  long  and  are  made  of  aluminum  or  iron,  etc. 

A  series  resistance  of  several  hundred  ohms  is  placed  in 
the  base.  The  bulb  contains  about  30  mms.  of  neon  gas.  With 
less  gas  pressure  and  higher  voltage,  this  lamp  is  ideal  for 
signalling  purposes,  because  it  is  entirely  extinguished  instantly, 
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Upon  the  opening  of  its  supply  circuit;     no  time  is  required  for 
the  radiators  to  cool,  as  proven  by  stroboscopic  tests. 

Its  mechanical  design  is  almost  ideal  as  regards  cheap  con- 
struction but  its  specific  consumption  is  high  (about  15  watts  per 
spherical  candle-power)  and  it  is  difficult  to  obtain  sufficient 
candle-power  from  a  single  bulb  for  most  uses.  When  this  is 
attempted  by  raising  the  voltage  and  lowering  the  value  of  the 
series  resistance,  destructive  arcing  discharges  are  liable  to  occur 
and  the  helices  become  red  hot.  This  type  of  lamp  lends  itself 
for  operation  on  either  alternating  or  direct-current  circuits; 
in  the  latter  instance  its  appearance  is  good,  although  only  one 
helix  (the  negative)  glows. 

If  for  the  large  helices  there  are  substituted  small  ones  of 
refractory  material,  like  tungsten,  as  indicated  in  Fig.  2,  a 
different  type  of  lamp  is  evolved,  which  may  be  designated 
as  an  intense  corona — because  some  of  its  light  is  due  to  radia- 
tions from  hot  solids.  A  power  consumption  of  two  or  three 
watts  from  the  supply  system  will  cause  a  bombardment  that 
results  in  an  incandescence  of  properly  designed  electrodes  or 
radiators,  thus  producing  light  at  a  specific  consumption  fai 
better  (about  3.0  watts  per  spherical  candle-power)  than  when 
the  radiators  remained  cold. 

Upon  closing  the  controlling  switch  of  such  a  lamp,  which 
has  a  series  resistance  of  624  ohms  in  its  base,  there  first  appears 
surrounding  the  electrodes  a  close  fitting  electric  glow  or  corona 
discharge  of  light,  having  the  characteristic  reddish  color  of  neon 
and  the  current  flowing  is  about  0.02  amperes  with  a  power  con- 
sumption of  5.5  watts,  but  the  current  steadily  increases  so  that  in 
a  few  seconds,  it  reaches  stability,  at  0.125  amp.  (the  consumption 
being  26.2  watts)  and  the  dim  reddish  corona  evolves  into  a 
horizontal  cylinder  of  intense  source  of  white  light  of  about  7.1 
spherical  candles  apparently  about  ^  in.  in  diameter  and  ^  in. 
long.  That  is,  a  bright  and  comparatively  efficient  gaseous  con- 
ductor light  has  been  produced  on  low  voltage  circuits,  without 
the  use  of  any  starting  auxiliary  apparatus.  This  result  has  been 
accomplished  by  so  constructing  the  electrodes  that  a  greater 
current  would  flow. 

In  the  specific  instance  of  the  lamp  shown  in  Fig  2,  the 
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electrodes  consist  of  twenty  turns  of  0.0025  in.  tungsten  wire, 
wound  on  a  mandrel  0.050  in.  in  diameter.  The  gap  between  the 
electrodes  is  Vi«  >".  The  helix  form  lends  itself  particularly 
well  for  using  all  of  the  energ)'  of  the  corona  glow.  Heated  helical 
and  many  other  forms  of  radiators  have  been  tried. 

When  higher  amperes  are  desired  proper  provision  must  be 
made  for  using  several  electrodes  or  increasing  the  diameter  of 
the  electrode  wire.  Fig.  3  shows  a  lamp  in  which  the  electrodes 
consist  of  twelve  turns  of  o.oio  in.  tungsten  wire  on  a  0.050  in. 
mandrel.  In  this  instance  the  bulb  contains  O5  mm.  of  neon  gas. 
A  series  resistance  of  303  ohms  is  used  on  a  220-volt  60-cycle 
circuit.  Upon  closing  the  switch,  the  red  corona  glow  appears 
over  all  of  the  electrodes  at  0.06  amp.,  but  quickly  changed  to  a 
ball  of  w^hite  light  about  ^  in.  in  diameter  at  0.32  am.p.  The 
output  was  10.5  spherical  candles  and  the  power  consumption  was 
85  watts,  of  which  31  watts  was  used  in  the  resistance.  Therefore, 
the  54  watts  of  the  lamp  at  128  volts  on  the  lamp  corresponded 
to  5.1  watts  per  spherical  candle. 

When  highly  efificient  reactance  is  used  to  replace  the  ohmic 
resistance,  the  actual  power  consumption  is  correspondingly 
reduced.  The  evaporation  of  the  tungsten  is  regulated  by  the 
current  density  and  the  gas  pressure.  Such  lamps  can  be  made 
in  sizes  from  very  low  to  ver}'  high  wattages.  When  operated  on 
direct  current,  only  one  electrode  becomes  incandescent  but  the 
self-starting  characteristics  are  the  same. 

If  the  intense  corona  lamp,  last  above  described,  has  its  series 
resistance  changed  from  303  ohms  to  40.0  ohms,  the  sudden 
change  in  phenomena  is  so  marked  that  there  is  created  a  different 
class  of  lamp  which  can  be  designated  as  an  "arc,"  or  as  the  first 
low-voltage,  self-starting,  neon-tungsten-arc-incandescent  lamp. 

When  the  current  is  applied,  the  same  phenoma  as  before 
occurs,  first  the  faint  corona  glow  (cold  electrodes)  followed 
rapidly  by  the  intense  corona  (hot  electrodes)  at  0.32  amp.,  but 
the  current  continues  to  rise  to  4.45  amp.,  and  the  heads  of  the 
helical  electrodes  become  much  more  highly  heated  and  their  tails 
cool  to  redness,  while  at  the  same  time  a  verv'  intense  white  arc 
appears  in  the  gap  between  the  electrodes.     The  voltage  on  the 
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lamp  terminals  also  falls  from  128  volts  to  42  volts.  The  output 
increases  from  10.5  to  178  spherical  candles  and  the  specific  con- 
sumption becomes  1.08  watts  per  spherical  candle. 

It  is  seen  that  very  efficient  and  simple  arc-incandescent 
lamps  can  be  made  for  outputs  from  very  low  candle-powers  to 
very  high  candle-powers. 

The  use  of  this  simple  progressive  starting  method  is  ap- 
plicable to  a  large  number  of  gaseous  conductor  devices,  including 
rectifiers  of  all  kinds.  Lamps  based  on  this  principle  can  be  used 
for  many  purposes,  from  general  illumination  to  projection 
lantern  service. 
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THE  PARIS  MEETING  OF  THE  INTERNATIONAL 
COMMISSION  ON  ILLUMINATION* 


BY  EDWARD  P.  HYDE** 


The  recent  meetinjj  of  the  International  Commission  on  lUumi- 
nation,  in  Paris,  marked  in  a  way  the  real  beginning  of  the  Com- 
mission. In  19 1 3  the  Commission  was  organized  at  Berlin  out  of 
the  International  Photometric  Commission.  This  latter  Com- 
mission had  been  created  by  the  Gas  Congress  of  1900  at  Paris 
and  had  had  a  dozen  years  of  useful  service  in  promoting  inter- 
national agreement,  particularly  in  the  photometry  of  Gas  Lamps. 

The  newer  Commission  was  organized  as  a  more  representative 
body  of  all  lighting  interests,  and  on  a  somewhat  broader  basis. 
It  was  intended  that  the  Commission  should  convene  every  three 
years  and  the  second  meeting  was  scheduled  to  be  held  in  Paris 
in  1916.  On  account  of  the  war  it  was  impossible  to  hold  this 
meeting.  Moreover,  the  formation  of  national  committees  was 
retarded  and  the  complete  organization  of  the  Commission  was 
not  consummated.  It,  therefore,  became  necessary  when  the  war 
was  over  to  proceed  with  the  organization  on  a  slightly  different 
basis  and  the  meeting  in  Paris,  held  July  4th  to  8th,  was  the  out- 
come. 

It  is  most  encouraging  under  the  circumstances  that  so  little 
time  was  taken  up,  at  this  meeting,  with  organization  matters  and 
that  Commission  concerned  itself  so  largely  with  technical  sub- 
jects. 

The  following  countries  were  represented ;  France,  Great 
Britain,  Italy,  United  States,  Switzerland,  Belgium  and  Spain. 
The  national  committees  of  Great  Britain,  France,  Italy  and  the 
United  States  submitted  papers  or  technical  reports  as  the  basis 
for  discussion  and  international  action.  The  presentation  of 
papers  on  various  live  subjects  of  illumination  was  most  gratify- 
ing, for  it  inaugurated  a  policy  of  broader  activity  and  usefulness 
than  could  ever  be  achieved  if  the  work  of  the  Commission  were 

•A  Rcp^rt  presented  before  the  Annual  Convention  of  the  niuminating  Euginerring 
Society.  Sept.  y-jq.  19'«- 

••Director,  Research  laboratories.  National  I«amp  Works  of  the  General  Electric  Co., 
Cleveland,  Ohio. 
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restricted  to  questions  of  iiitern<'ili(jnal  stanrlardizatifjii.  In  all, 
approximately,  fifteen  papers  and  technical  reports  were  presented. 

One  of  the  most  important  subjects  before  the  Commission  was 
that  of  Nomenclature  and  Standards.'  The  decisions  of  the 
international  body  on  this  subject  were  restricted  to  the  defini- 
tions of  the  three  fundamental  quantities  "f_,uminous  Flux," 
"Illumination"  and  "Luminous  Intensity,"  together  with  the 
corrcspondinj^  units.  This  would  seem  to  be  but  a  meagre  ac- 
complishment, but,  in  view  of  the  difficulties  encountered  among 
the  various  nations  with  respect  to  their  viewpoints  and  their 
practices,  the  accomplishment  is  significant.  The  foundation  of 
international  agreement  on  Nomenclature  and  Standards  has  been 
laid,  and  through  the  activities  of  a  committee  which  was  appoint- 
ed with  our  illustrious  friend  and  member,  Monsieur  Blonde!  as 
chairman,  it  is  expected  that  a  much  fuller  report  will  be  prepared 
for  adoption  at  the  next  meeting  of  the  Commission  three  years 
hence. 

Among  other  subjects  considered  are  to  be  mentioned  "Lighting 
Legislation  for  Factories  and  Schools"  and  "Automobile  Head- 
lights" and  the  difficult  subject  of  "Heterochromatic  Photometry" 
in  its  many  aspects.  No  international  agreement  was  reached  on 
any  of  these  subjects  but  a  number  of  committees  were  appointed 
to  prepare  reports  for  consideration  at  the  next  meeting  of  the 
Commission.  A  Committee  on  Factory  and  School  Lighting"  will 
serve  under  the  chairmanship  of  Mr.  L.  B.  Marks.  A  Committee 
on  "Automobile  Headlights"  will  be  presided  over  by  Dr.  C.  H. 
Sharp,  the  chairman  of  our  committee  on  the  same  subject.  A 
Committee  on  "Heterochromatic  Photometry"  will  work  under  the 
chairmanship  of  Prof.  Charles  Fabry,  the  well  known  French 
Physicist. 

You  will  all  be  gratified  to  know  that  it  was  decided  to  hold  the 
next  meeting  of  the  Commission  in  1924  in  the  United  States  if 
conditions  of  ocean  travel  make  this  plan  feasible  at  that  time. 

It  is  neither  the  time  nor  the  place  to  dwell  upon  the  social  side 
of  the  meeting  although  it  was  an  important  and  pleasant  feature. 
I  wish  to  express  my  personal  appreciation  of  the  delightful  and 
profitable    entertainment    accorded    the    delegates    and    also    to 

iSee  Report  of  I.  E.  S.    Committee  on  Nomenclature  and  Standards,     1921  Trans- 
actions, Vol.  XVI,  No.  7,  pp.  246. 
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mention  the  admirable  way  in  which  the  organization  of  the  Com- 
mission was  carried  out  under  the  guidance  of  President  Vautier. 
It  is  with  much  pleasure  that  I  report  that  Monsieur  Vautier  was 
elected  the  first  honorary  President  of  the  Commission,  to  the 
organization  and  work  of  which,  as  well  as  to  that  of  its  prede- 
cessor the  International  Photometric  Commission,  he  has  given 
so  unsparingly  and  so  efficiently  of  his  time  and  eflfort.  The  new 
officers  elected  are  as  follows : — President,  Dr.  E.  P.  Hyde  ; 
Honorary  President,  Th.  Vautier;  Vice-Presidents,  M.  F.  Row- 
land, M.  G.  Semenza,  K.  Edgecumbe ;  Honorary  Treasurer,  C.  C. 
Paterson;  Honorary  Secretary-,  C.  C.  Paterson;  Assistant  Secre- 
tar}^  J.  W.  T.  Walsh. 
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THE  INDUCTION  OF  PRESIDENT-ELECT  CRAMPTON 


President  Harries:  The  time  has  about  arrived  for  me  to 
pass  the  President's  gavel  to  my  successor,  I  have  but  one  regret 
to  express  now  and  that  is  that  a  physical  disability  made  it 
impracticable  and  perhaps  to  some  extent  impossible  for  me  to  do 
some  of  the  things  I  would  have  liked  to  have  done  during  my 
term  of  office. 

However,  as  we  all  manage  somehow  or  other,  again  I  take 
refuge  in  and  comfort  from  the  Mass — all  of  us  do  those  things 
which  we  ought  not  to  have  done,  and  leave  undone  those  things 
which  we  should  have  done.  I  am  not  without  comfort.  I  want 
to  thank  those  who  relieved  me  of  much  of  the  physical  burden  of 
presiding  at  the  sessions.  I  want  to  thank  some  of  those  who 
preceded  me,  perhaps  most  especially  Mr.  Doane,  my  immediate 
predecessor,  and  associates  generally;  the  Council  which  is  really 
a  Council  and  looks  after  the  interests  of  the  Society  perhaps  even 
better  than  the  Society  as  a  whole  could  do  it;  the  Secretary  who 
did  as  usual.  I  have  no  doubt  he  was  as  helpful  to  my  predeces- 
sors as  he  has  been  to  me.  They  may  not  as  openly  admitted  it, 
but  no  doubt  it  is  true.  I  thank  the  officers — highly  efficient  and 
altogether  worthy  of  it. 

To  the  Society  as  a  whole  I  am  grateful  for  the  honor  bestowed 
upon  me,  but  I  have  still  larger  measure  of  gratitude  for  the  very 
kindly  consideration,  not  as  a  whole,  although  it  could  be  so 
measured  if  one  so  desired,  but  individually.  There  is  nothing 
which  lives  so  eternally  as  sentiment.  All  other  and  material 
things  are  subject  to  change,  but  the  fine  affection  which  is  my 
possession,  given  to  me  by  you  is,  after  all,  the  most  precious  thing 
and  in  return  for  that,  you  have  not  only  my  gratitude,  (wholly 
inadequate  term)  but  my  own  strong  personal  affection  in  recipro- 
cating that  which  you  have  bestowed  upon  me. 

The  Society  does  mean  to  me  very  much  technically  although 
we  hardly  need  to  discuss  that.  It  has  a  very  great  and  rapidly 
growing  value,  but  it  is  the  personal  side  of  it,  it  is  the  individual 
something  that  to  me  at  this  time  seems  to  be  preeminent. 

If  I  can  ever  serve  you  (and  I  don't  mean  now  in  high  place; 
I  am  not  seeking  office.     I  am  thankful  I  never  did  hold  an  office 
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that  I  sought.  I  never  sought  an  office.  That  is  not  in  a  spirit 
of  foolish  indei)endcncc,  but  I  never  did,  and  it  is  in  the  kindhnc>s 
of  my  fellownien  that  I  owe  very  much  that  I  have  that  is  really 
worth  while),  I  hope  you  will  call  on  me.  I  thank  you  very  sin- 
cerely for  all  you  have  done,  for  all  you  have  been  and  all  you  are 
to  me,  and  hope  that  we  shall  continue  to  be  to  each  other  just  the 
very  best  that  human  nature  would  permit  us  to  be. 

If  Past  Presidents  Doane  and  Stickney  will  take  physical  posses- 
sion of  Dr.  Crampton  and  escort  him  to  the  platform,  I  shall  be 
under  renewed  obligation. 

. . .  .Dr.  Crampton  was  escorted  to  the  front  by  Messrs.  Doane 
and  Stickney (Applause) 

President  Harries:  Gentlemen,  formally  I  want  to  present 
to  you  a  fine  soldier,  a  fine  scientist,  and  one  who  will  be  an  uncom- 
monly fine  President.     (Applause) 

Dr.  Geo.  S.  Crampton  :  It  is  going  to  be  ver>'  difficult  for  me 
to  adequately  express  my  appreciation  of  the  high  compliment 
which  you  have  conferred  upon  me.  or  rather  upon  the  ophthal- 
mologists of  the  country,  by  electing  one  of  their  number  as  your 
President. 

It  will  be  extremely  hard  for  one  who  is  not  an  illuminating 
engineer,  although  deeply  interested  in  the  Society  for  the  past 
seven  or  eight  years,  to  fill  this  office,  and  naturally  I  look  to  you 
all  for  assistance.  I  have  been  assured  that  I  will  have  the  cooper- 
ation of  the  members  of  the  Society  in  my  endeavor  to  make  this 
a  year  unique  in  its  history.  I  would  not  feel  justified  in  accepting 
this  office  were  it  not  for  this  assurance  and  the  feeling  of  strength 
with  which  it  inspires  me.  So  I  am  going  to  ask  you  to  come  for- 
ward and  do  more  than  you  have  ever  done  before.  I  want  ever)' 
man — I  am  sure  I  am  not  asking  too  much — every  member  of  the 
Society,  to  work  as  he  has  never  worked  before.  I  have  ambitions 
for  the  Society,  ambitions  that  I  am  afraid  you  will  think  are  very 
high,  but  we  might  as  well  hitch  our  chariot  to  a  star.  We  may 
have  a  little  drop  at  the  end  of  the  year,  however,  I  am  going  to 
propose  a  plan  that  I  have  suggested  to  a  few  of  the  members  of 
the  Society.  I  am  almost  afraid  you  will  laugh  at  it,  but  I  am 
going  to  propose  that  during  the  coming  year  we  will  double  the 
membership  of  this  Society.     This  achievement  seems  impossible 
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at  first  glance,  unless  you  stop  to  realize  that  at  the  present  time 
there  is  a  splendid  opportunity  for  development  of  this  Society 
in  the  middle  West  beyond  the  Mississippi  River,  in  so  far  as 
sections  are  concerned,  and  the  surface  has  barely  been  scratched. 
There  are  states  in  which  we  haven't  a  single  member.  There  are 
large  cities  in  which  we  haven't  even  so  much  as  a  chapter, 

I  am  glad  to  say  that  we  now  have  a  chapter  in  Canada.  I  hope 
we  will  have  more.  I  hope  we  will  go  into  Canada  with  our 
propaganda  of  good  lighting  and  aid  her  illuminating  engineers  to 
put  their  work  across  until  such  time  as  they  may  choose  to  have 
a  society  of  their  own.  I  hope  we  will  be  able  through  schools 
and  various  methods  that  will  be  proposed  later,  to  organize  our 
work  in  those  cities  in  which  there  is  no  real  organization  at 
present,  for  instances,  such  cities  as  St.  Paul,  Minneapolis,  St. 
Louis,  New  Orleans,  and  out  through  the  cities  of  the  west, 
wonderful  cities.  Those  people  all  have  eyes;  those  people 
are  all  handling  lighting  and  I  feel  that  we  are  very  sel- 
fish and  self-satisfied  to  be  content  with  a  comparatively 
small  organization  and  deprive  those  other  communities  of 
the  benefit  of  just  such  information  as  you  have  received 
during  this  wonderful  convention.  You  may  print  bulletins 
and  issue  data,  you  may  write  letters  and  you  may  try  to 
reach  these  communities  in  that  way,  but  you  will  never  reach 
them  in  the  way  this  convention  was  reached  this  morning  by  Mr. 
Goodwin  through  his  direct  talk.  I  noticed  when  he  was  talking 
to  the  Society  this  morning  that  every  man's  eyes  were  riveted 
on  him.  You  could  almost  see  the  dotted  lines.  He  was  indeed 
a  magnet,  and  I  realized  what  a  privilege  it  must  be  to  have  the 
power  to  impart  information  in  that  manner  and  the  opportunity 
to  reach  the  very  men  who  can  and  do  appreciate  the  knowledge 
gained.  I  thought  as  he  was  delivering  his  paper  that  it  was 
the  sort  of  paper  which,  with  all  due  compliments  to  the  author, 
many  of  us  wouldn't  stop  in  our  busy  lives  to  read,  but  to  hear  it 
from  him,  right  straight  from  the  shoulder,  it  was  wonderful, 
and  it  is  through  word  of  mouth  that  you  get  your  real  results. 
We  are  so  busy  that  we  only  can  read  one-tenth  perhaps  of  what 
we  would  like  to  read,  but  when  you  get  a  chance  to  sit  down 
leisurely  and  have  the  desired  information  given  to  you  in  this 
way,  it  inspires  you. 
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We  have  a  busy  year  before  us,  and  you  will  hear  further  of 
the  activities  of  this  Society,  I  mean  to  say  the  organized  attempt 
to  increase  the  membership,  I  feel  we  have  a  propaganda  that  is 
worthy  of  a  big  membership  and  worthy  of  a  bigger  attendance  at 
the  conventions,  and  I  hope  that  each  man  here  will  do  what  he 
can  towards  a  larger  attendance  next  year,  and  that  we  will  have  a 
larger  attendance  of  the  ladies  because  they  help  to  make  a  success- 
ful convention.  They  are  the  queens  of  the  home,  and  we  can 
spread  a  good  deal  of  our  propaganda  through  the  ladies. 

I  accept  this  high  honor  that  you  have  paid  me  solely  as  a  very 
humble  representative  which  you  have  chosen  from  the  ophthal- 
mologists of  the  country,  and  I  thank  you  most  sincerely  for  the 
confidence  you  have  placed  in  me. 
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The  Code  of  Lighting  for  factories,  mills  and  other  work 
places  was  issued  by  the  Illuminating  Engineering  Society  in  191 5. 
In  19 18  the  code  was  slightly  revised. 

Since  the  first  publication  of  the  code,  lighting  codes  based 
upon  the  Illuminating  Engineering  Society's  code  have  been  put 
into  effect  in  the  following  states :  Pennsylvania,  New  Jersey, 
New  York,  Wisconsin,  Oregon,  California  and  Ohio.  The  adop- 
tion of  the  code  is  now  under  consideration  in  several  other  states. 

Developments  in  the  science  of  lighting  and  experience 
gained  by  the  operation  of  the  code  in  the  several  states  have  in- 
dicated the  need  of  further  revision  especially  in  relation  to  the 
glare  rule  and  the  intensity  rule.  There  has  been  an  insistent 
demand  by  the  states  to  make  the  requirements  of  the  code  more 
specific  in  order  that  the  factory  inspector  may  have  less  difficulty 
in  applying  the  rules  in  practise. 

In  the  revised  code  which  is  presented  to-day,  the  Committee 
has  endeavored  to  incorporate  all  of  the  practical  suggestions 
that  have  been  placed  before  it  since  the  present  revision  was 
begun  in  February  of  last  year.  A  departure  has  been  made  in 
arranging  the  text  for  ready  reference  by  dividing  the  subject- 
matter  into  three  parts:  Part  I  containing  the  rules.  Part  II 
containing  suggestions  and  general  information  with  notes  re- 
lating to  each  rule  and  Part  III  containing  a  statement  of  the 
advantages  of  good  lighting.  The  suggested  mandatory  require- 
ments for  safe  lighting  are  all  set  forth  in  Part  I.  It  is  thought 
that  the  inclusion  in  Part  II,  of  a  table  of  intensities  for  de- 
tailed industrial  operations  and  processes  and  of  tables  classify- 

*A  paper  presented    at    the    Annual    Convention    of  the  Illuminating  Engineering 
Society,  Rochester,  N.  Y.,  September  20-29,  'V^i- 
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ing  light  sources  from  the  standpoint  of  glare,  will  go  far  toward 
meeting  the  demand  for  more  specific  information  on  these  sub- 
jects. 

To  carry  out  the  work  of  revision  three  sub-committees  of 
the  Committee  on  Lighting  Legislation  were  appointed  as  follows  : 


RULES 

APPENDIX 

w. 

T. 

Blackwei.l 

C.  0.  Bond* 

M. 

G. 

Lloyd 

C.  E.  CivEWELL  (Chr.) 

h. 

B. 

Marks,   (Chr.) 

Ward  Harrison  (Vice-Chr.) 

W. 

J. 

Serrii,!. 

S.    G.    HiBBEN 

G. 

H. 

Stickney 

W.  F.  Little 

EMERGENCY  LIGHTING 
Louis  Bell 

J.  W.  CowLES  (Advisory) 
R.  H.  Maurer 
G.  B.  Regar     (Advisory) 
R.  E.  Simpson    (Chr.)' 

The  sub-committee  on  rules  was  charged  with  the  prepara- 
tion of  Part-L  The  sub-committee  on  appendix  was  charged 
with  the  preparation  of  the  introduction  and  of  Parts  II  and  III. 
Much  of  the  work  including  the  preparation  of  the  tables  relating 
to  glare,  was  carried  out  under  the  immediate  direction  of  the 
Vice-Chairman  of  this  sub-committee.  In  view  of  the  special 
requirements  of  exit  and  emergency  lighting,  the  formulation  of 
the  rule  relating  to  this  subject  was  placed  in  the  hands  of  a 
separate  sub-committee.  The  work  of  the  sub-committees  was 
submitted  to  the  committee  as  a  whole  and  approved  in  its  present 
form. 

In  June,  1920,  the  Illuminating  Engineering  Society  accepted 
the  invitation  of  the  American  Engineering  Standards  Committee 
to  act  as  sponsor  for  the  industrial  lighting  code.  Since  that  date 
the  revision  of  the  code  has  been  carried  out  under  the  rules  of 
procedure  of  the  American  Engineering  Standards  Committee. 
Pursuant  to  these  rules  a  Sectional  Committee  was  appointed 
consisting  of  representatives  of  the  following  societies  and  organi- 
zations :  Illuminating  Engineering  Society,  American  Institute 
of  Electrical  Engineers,  American  Society  of  Mechanical  Engi- 
neers, National  Electric  Light  Association,  National  Safety  Coun- 
cil, International  Association  of  Industrial  Accident  Boards  and 
Commissions,  American  Gas  Association,  Association  of  Edison 
Illuminating  Companies,  United  States  Bureau  of  Standards,  Na- 

♦Deceased. 
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tional  Workmen's  Compensation  Service  Bureau,  United  States 
Public  Health  Service  (Department  of  Industrial  Hygiene), 
United  States  Department  of  Labor. 

In  addition  to  the  sessions  of  the  Committee  on  Lighting 
Legislation  and  of  its  sub-committees  named  above,  parallel  ses- 
sions devoted  to  the  revision  of  the  code  were  held  by  the  Sec- 
tional Committee.  It  is  expected  that  formal  approval  by  the 
American  Engineering  Standards  Committee  will  follow  in  due 
course. 

Respectfully  submitted, 
Couunittee  on  Lighting  Legislation. 

COMMITTEE  ON  LIGHTING  LEGISLATION 


Louis  Bell 

W.  T.  Blackwell 

C.  O.  Bond* 

F.  C.  CALDWELL 

C.  E.  Clewell 
C.  W.  Cutler 
Ward  Harrison 
S.  G.  Hibben 
J.  A.  Hoeveler 

A.  R.  H OLDEN 

O.  L.  Johnson 
Clarence  L.  Law 


W.  F.  Little  (Secy.) 
M.  G.  Lloyd 

M.  LUCKIESH 

A.  S.  McAllister 
L.  B.  Marks  (Chr.) 
R.  H.  Maurer 
G.  B.  Nichols 
W.  J.  Serrill 
R.  E.  Simpson 
G.  H.  Stickney 
L.  A.  Tanzer 
F.  A.  Vaughn 


•Deceased. 
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CODE  OF  LIGHTING— FACTORIES,  MILLS  AND 
OTHER  WORK  PLACES 


INTRODUCTION 

The  accompanying  Code  of  Lighting  for  factories,  mills  and 
other  work  places  has  been  prepared  and  issued  by  the  Illumi- 
nating Engineering  Society  in  order  to  make  available  author- 
itative information  for  legislative  bodies,  factory  boards,  public 
service  commissions  and  others  who  are  interested  in  enactments, 
rules  and  regulations  for  better  lighting.  The  Code  is  intended 
also  as  a  guide  for  factory  owners  and  operators  in  their  efforts 
to  improve  lighting  conditions  in  their  factories. 

Part  I  contains  Rules  arranged  in  convenient  form  for 
legal  enactment  or  governmental  regulations. 

Part  II  contains  a  discussion  of  the  rules  of  Part  I;  that 
is,  the  legal  requirements  which  must  be  met  where  a  Code  is 
in  force;  and  also  suggestions  and  general  information  as  to 
desirable  practice  in  factory  lighting. 

Part  III  takes  up  the  advantages  of  proper  and  adequate 
illumination,  both  natural  and  artificial,  and  discusses  such  light- 
ing particularly  from  the  standpoint  of  economics. 

Since  the  first  edition  of  this  Code  was  issued,  a  number  of 
the  states  of  the  Union,  recognizing  the  beneficial  effects  of 
adequate  illumination  on  the  health  and  safety  of  the  employees, 
have  adopted  factory  lighting  codes.  As  a  rule,  these  codes 
stipulate  the  minimum  illumination  permissible  for  different 
classes  of  industrial  operations.  They  also  indicate  the  desirable, 
as  distinguished  from  the  minimum  illumination  values,  and  the 
kinds  of  lighting  equipment  which  will  avoid  glare  and  give  a 
good  distribution  of  light. 

The  preface  to  the  Wisconsin  Industrial  Lighting  Code  ex- 
plains as  follows  why  the  state  is  concerned  in  the  regulation 
of  Factory  Lighting : 

"Insufficient  and  improperly  applied  illumination  is  a  prolific  cause 
of  industrial  accidents..  In  the  past  few  years  numerous  investigators, 
studying  the  cause  of  accidents,  have  found  that  the  accident  rate  in  plants 
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with  poor  liKlitin^  is  hitjher  than  similar  plants  which  are  well  illuminated. 
Factories  which  have  installed  improved  lighting,  have  experienced  re- 
ductions in  their  accidents  which  are  very  gratifying. 

"Of  even  greater  importance,  poor  lighting  impairs  vision.  Because 
diminution  of  eyesight  from  this  cause  is  gradual,  it  may  take  the  indi- 
vidual years  to  become  aware  of  it.  This  makes  it  all  the  more  important 
to  guard  against  the  insidious  effects  of  dim  illumination;  of  glaring  light 
sources  shining  in  the  eyes;  of  flickering  light;  of  sharp  shadows;  of 
glare  reflected  from  polished  parts  of  the  work.  To  conserve  the  eye- 
sight of  the  working  class  is  a  distinct  economic  gain  to  the  state,  but 
regardless  of  that,  humanitarian  considerations  demand  it. 

"Finally,  inadequate  illumination  decreases  the  production  of  the 
industries  of  the  state  and  to  that  extent,  the  wealth  of  its  people.  Factory 
managers,  who  have  installed  improved  illumination,  are  unanimous  in  the 
conviction  that  better  lighting  increases  production  and  decreases  spoilage." 

Mr.  R.  E.  Simpson  of  the  Travelers  Insurance  Company  is 
authority  for  the  statement  that  during  the  year  1919  there  were 
more  than  2,000,000  industrial  accidents  causing  loss  of  time;  of 
this  number  25,000  were  fatal.  The  following  extract  from  an 
article  in  the  Travelers  Standard  by  Mr.  Simpson  gives  some  in- 
teresting data  on  the  relation  between  lighting  and  safety : 

"There  is  some  foundation  for  assuming  that  18  per  cent  of 
our  industrial  accidents  are  due  to  the  defects  in  lighting  in- 
stallations. On  that  basis  the  services  of  108,000  men  for 
one  year  are  lost  annually  because  the  illumination  provided 
is  not  adequate  for  the  safety  of  the  workmen.  That  this  con- 
dition could  exist  year  after  year  is  all  the  more  reprehensible, 
because  of  the  fact  that  the  remedy  is  so  easily  applied,  and  has 
beneficial  results  in  many  ways  other  than  the  safety  involved. 
Accidents  caused  by  carelessness,  inattention  or  ignorance  can 
be  eliminated  only  by  a  long  continued,  painstaking,  educational 
campaign,  often  involving  a  change  in  long  established  habits. 
Elimination  of  accidents,  due  to  inadequate  or  improper  lighting  is 
simply  a  matter  of  purchasing  the  proper  equipment,  and  in- 
stalling it  under  competent  directions.  In  fact,  it  seems  proper 
to  include  illumination  in  the  list  of  mechanical  safeguards,  for 
the  reason  that  the  lamps  and  reflectors  provide  a  guard ;  illum- 
ination points  out  the  hazards  just  as  effectively  as  a  railing  points 
out  the  danger  of,  and  provides  protection  against,  the  hazard 
of  a  revolving  fly  wheel." 
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PART  I. 
RULES. 

Note:  Attention  is  called  to  the  fact  that  the  requirements  given  in  the 
Rules  are  minimum  specifications  and  are  not  to  be  interpreted  as 
sufficient  to  insure  good  lighting,  see  PART  II, — Suggestions 
and  General  Information. 

General  Requirement.  Traversed  spaces,  during  the  time  of 
use,  and  work  in  process,  shall  be  supplied  with  light  in  accordance 
with  the   following  rules: 

Rule  I.  Illumination  Required.  The  illumination  maintained 
shall  be  not  less  than  given  in  the  following  table : 

TABLE  I. 

Minimum 
foot-candles 
On  the  space 

or 
at  the  work 

(a)  Roadways ;  yard  thoroughfares,    0.02 

(b)  Storage  spaces;  aisles  and  passageways  in  workrooms,  ex- 

cepting  exits   and   passages   leading   thereto, 0.25 

(c)  Where  Discrimination  of  Detail  Is  Not  Essential : 0.5 

Spaces,  such  as : — Hallwaj^s,  stairways ;  exits,  and  pas- 
sages leading  thereto ;  toilet  rooms ;  elevator  cars  and 
landings. 

Work,  such  as : — Handling  material  of  a  coarse  nature ; 
grinding  clay  products ;  rough  sorting ;  coal  and  ash 
handling;  foundry  charging. 

(d)  Where  Slight  Discrimination  of  Detail  Is  Essential: i 

Spaces,  such  as : — Stairways,  passageways  and  other 
locations  where  there  are  exposed  moving  machines, 
hot  pipes,  or  live  electrical  parts. 

Work,  such  as: — Rough  machining,  rough  assembling; 
rough  bench  work;   rough  forging;   grain  milling. 

(e)  Where  Moderate  Discrimination  of  Detail  Is  Essential:..         2 

Work,  such  as : — Machining ;  assembly  work ;  bench 
work ;  fine  core  making  in  foundries ;  cigarette  rolling. 

(f)  Where  Close  Discrimination  of  Detail  Is  Essential: 3 

Work,  such  as  : — Fine  lathe  work ;  pattern  making ;  tool 
making ;  weaving  light  colored  silk  or  woolen  textiles ; 
office  work;  accounting;  typewriting. 

(g)  Where  Discrimination  of  Minute  Detail  Is  Essential. ...         5 

Work,  such  as: — Watchmaking;  engraving;  drafting; 
sewing  dark  colored  material. 


CODE  OF  LIGHTING  365 

Rule  2.  Avoidance  of  Glare :  Diffusion  and  Distribution  of  Light. 
Lighting  whether  natural  or  artificial  shall  be  such  as  to  avoid 
glare,  objectionable  shadows  and  extreme  contrasts,  and  to  provide 
a  good  distribution  of  light;  in  artificial  lighting  systems,  lamps 
shall  be  so  installed  in  regard  to  height,  location,  spacing,  and  re- 
flectors, shades  or  other  suitable  accessories,  as  to  accomplish 
these  objects. 

Bare  light  sources,  such  as  exposed  lamp  filaments  or  gas 
mantles,  located  within  the  ordinary  field  of  the  worker's  vision, 
are  presumptive  evidence  of  glare. 

For  a  specification  of  definite  requirements  under  this  rule, 
reference  should  be  had  to  Tables  III,  IV,  V  and  VI  in  Part  II. 


Rule  3.  Exit  and  Emergency  Lighting.  The  lighting  to  be 
provided  under  Rule  i  in  all  stairways  and  exits  of  factories 
and  in  the  passageways  appurtenant  thereto  shall  be  supplied 
so  as  not  to  be  subject  to  failure  because  of  the  failure  of  the 
room  or  work  space  lighting  from  internal  causes,  and  prefer- 
ably from  an  independent  connection  extending  back  to  the  main 
service  entrance  for  the  building.  In  case  of  unusual  danger 
which  may  exist  on  account  of  type  of  building,  nature  of  the 
work,  crowded  conditions  or  lack  of  suitable  exit  space,  an  in- 
dependent service  shall  be  ensured  by  connecting  to  a  separate 
source  of  supply  without  or  within  the  building. 
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PART  n. 

SUGGESTIONS  AND  GENERAL  INFORMATION 
Notes  on  Rule  1 — Illmnination  Required. 

The  illumination  values  given  in  Table  I  are  minimum  re- 
quirements dictated  from  the  viewpoint  of  safety.  Table  II 
given  below  is  intended  to  indicate  the  order  of  illumination 
values  that  are  considered  desirable  for  dififerent  classes  of  work. 
Letters  in  parenthesis  following  foot-candle  values,  refer  to  the 
corresponding  sub-divisions  of  Table  I.  Persons  of  advanced 
years  and  those  with  defective  eyes  require  more  light  than  those 
having  perfect  vision.  The  foot-candles  in  good  lighting  practice 
are  as  a  rule  several  times  those  specified  as  minimum  require- 
ments. A  range  of  foot-candle  values  is  given  in  Table  II  for 
each  group  of  operations;  in  modern  practice  it  will  usually  be 
found  desirable  to  select  values  in  or  even  beyond  the  upper  por- 
tion of  the  range. 

TABLE  II. 

APPROXIMATE)  FOOT-CANDI^EJS  IN  GOOD  I^IGHTING 
PRACTICE  ON  THE  SPACE  OR  AT  THE  WORK 

1/20  TO  1/4  FOOT-CANDLES  (a) 

Roadways  and  yard  thoroughfares. 

1  TO  2  FOOT-CANDLES  (b) 

Storage  Spaces :  aisles  and  passageways  in  work  rooms,  excepting  exits 
and  passages  leading  thereto. 

2  TO  5  FOOT-CANDLES  (c)  and  (d) 

Atiditormins  and  Assembly  Rooms. 

Assembling :     rough. 

Boilers,  Engine  Rooms  and  Power  Houses:  boilers,  coal  and  ash  hand- 
lings, storage-battery  rooms ;  auxiliary  equipment,  oil  switches  and 
transformers. 

Chemical  Works:  hand  furnaces,  boiling  tanks,  stationary  driers,  station- 
ary or  gravity  crystallizing;  mechanical  furnaces;  generators  and 
stills,  mechanical  driers,  evaporators,  filtration,  mechanical  crystallizing, 
bleaching. 

Clay  Products:  grinding;  filter  presses,  kiln  rooms,  molding,  pressing, 
cleaning  and  trimming. 

Elevator,  Cars  and  Landings:     (freight  and  passenger). 

Forge  Shops  and   Welding :     rough  forging. 

Foundries :     charging  floor,  tumbling,  cleaning,  pouring  and  shaking  out. 

Glass  Works :    mix  and  furnace  rooms,  casting. 

Hallways :     stairways,  exits  and  passages  leading  thereto. 
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Leather  Manufacturing:     vats,  cleaning  tanning  and  stretching. 

Locker  Rooms. 

Meat  Packing :     slaughtering. 
lachine  Shops:    rough  bench  and  machine  work  and  rough  assembling. 

Milling  and  Grain  Foods:     cleaning,  grinding  or  rolling. 

Poiking :     rough. 

Paint  Shops:    dripping,  spraying,  firing. 

Paper  Manufacturing  :     beaters,  machine  grinding. 

Plattng. 

Receizing  and  Shipping. 

Soap  Manufacturing:    kettle  houses,  cutting,  soap  chip  and  powder. 

Steel  and  Iron  Mills :  charging  and  casting  floors,  muck  and  hea\'>'  rolHng. 
shearing,  rough  by  gage,  pickling  and  cleaning,  soaking  pits  and  re- 
heating furnaces. 

Store  Rooms  and  Stock  Rooms :     rough. 

Textile  Mills:  (Cotton)  opening  and  lapping,  carding,  drawing-frame, 
roving,  dyeing;   (Woolen)   carding,  picking,  washing  and  combing. 

Toilet  and  Wash  Rooms. 

Woodworking:     rough  sawing  and  rough  bench  work. 

5  TO  10  FOOT-CANDLES  (e)  and  (f) 

Assembling :    medium  fine. 

Chemical  Works:  tanks  for  cooking,  extractors,  percolators,  nitrators, 
electrolj'tic  cells. 

Clay  Products:  enameling;  coloring  and  glazing. 
Cloth  Products:  light  goods. 

Electric  Manufacturing:  storage  battery,  molding  of  grids,  coil  and 
armature  winding,  mica  working,  insulating  processes. 

Engine  Rooms  and  Power  Houses:  switchboards,  engines,  generators, 
blowers,  compressors. 

Forge  Shops  and  U'elding:    fine  forging  and  welding. 

Foundries :  fine  molding  and  core  making. 

Class  Works:  grinding,  glass  blowing  machines,  cutting,  pressinu'.  knitting:. 
sorting,  stitching,  trimming  and  inspecting. 

Hat  Manufacturing :  dyeing,  stifTening,  braiding,  cleaning  and  refining, 
forming,  sizing,  pouncing,  flanging,  finishing  and  ironing;  sewing: 
light  goods. 

Ice  Making :    engine  and  compressor  rooms. 

Inspecting:     rough,  medium. 
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Leather   Manufacturing:     cutting,    fleshing    and    stuffing;     finishing   and 

scarfing. 
Leather    Working:    pressing    and    winding;    grading,    matching,    cutting 

scarfing;   sewing:     light  goods. 

Machine  Shops :     medium  bench  and  machine  work,  ordinary  automatic 

machines,  rough  grinding,  medium  buffing  and  poHshing. 
Meat  Packing :     cleaning,  cutting,  cooking,  grinding,  canning,  and  packing. 
Milling  and  Grain  Foods :     baking,  roasting. 
Office:    private,  general. 
Packing:     medium,  fine. 

Paint  Shops:  rubbing,  ordinary  hand  painting  and  finishing;  fine  hand 
painting  and  finishing. 

Paper  Manufacturing :     calendaring,  finishing  cutting  and  trimming. 

Polishing  and  Burnishing. 

Printing  Industries :  matrixing  and  casting,  miscellaneous  machines, 
presses;  proofreading,  lithographing,  electrotyping. 

Rubber  Manufacturing  and  Products:  calendars,  compounding  mills, 
fabric  preparation,  stock  cutting,  tubing  machines,  solid-tire  operations, 
mechanical  goods  building,  vulcanizing;  bead  building,  pneumatic  tire 
building  and  finishing,  inner-tube  operation,  mechanical  goods 
trimming,  treading. 

School:   class  room,  study  room,  library. 

Sheet  Metal  Works:  miscellaneous  machines,  bench  work;  punches, 
presses,  shears,  stamps,  welders,  spinning. 

Shoe  Manufacturing :  hand  turning,  miscellaneous  bench  and  machine 
work ;  inspecting  and  sorting  raw  material,  cutting,  lasting  and  welding : 
light  goods. 

Soap  Manufacturing :  stamping,  wrapping  and  packing,  filling  and  packing 
powder. 

Steel  and  Iron  Mills:  bar  sheet  and  wire  products;  automatic  machines, 
rod  light  and  cold  rolling,  wire  drawing,  shearing,  fine  by  line. 

Store  Rooms  and  Stock  Rooms:    medium;  fine. 

Structural  Steel  Fabrication. 

Textile  Mills:  (Cotton)  spooling,  spinning,  drawing  in,  warping,  weaving, 
quilHng,  inspecting,  knitting,  slashing.  (Silk)  winding,  throwing, 
dyeing,  quilling,  warping,  weaving  and  finishing.  (Woolen)  twisting, 
and  dyeing;  drawing  in,  warping;  weaving;  knitting  machines:  light 
goods. 

Wood  Working:  sizing,  planing,  standing,  machine  and  bench  work, 
gluing,  veneering,  cooperage,  finishing. 
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10  TO  20  POOT-CANDLES  AND  ABOVE 
Assembling:     extra  fine. 

Cloth  Products :     dark  poods. 

Glass  ITorks:     glass  cutting  (cut  glass),  inspecting  fine. 

Glove    Manufacturing :     dark    goods :     sorting,    stitching,    trimming,    and 

inspecting. 
Ilat  Manufacturing :     sewing:     dark  goods. 
Inspecting :     fine. 
Jewelry     and     Watch    Manufacturing:     engraving,     stone     setting,     fine 

repairing. 
Leather    Working:     grading,    matching,    cutting,    scarfing,    sewing:    dark 

goods. 
Machine  Shops:     fine  bench  and  machine  work,  fine  automatic  machines, 

fine  grinding,  fine  buffing  and  polishing. 
Office:     drafting  room. 
Paint  Shops:     extra  fine  hand  painting  and  finishing  (automobile  bodies, 

piano  cases,  etc.) 
Printing    Industries:     linotype,    monot)-pe,    typesetting,    imposing    stone, 

engraving. 
Shoe    Manufacturing :     inspecting    and    sorting    raw    material,    cutting, 

stitching :  dark  goods. 
Textile  Mills  :   woolens  ;  weaving  dark  goods. 

In  Tables  I  and  II  the  illumination  requirements  are  specified 
in  foot-candles.  The  term  "foot-candle"  may  be  explained  by 
saying  that  it  represents  the  illumination  on  a  surface  one  foot 
distant  from  a  standard  candle;  two  foot-candles  would  rep- 
resent the  illumination  supplied  by  two  candles  at  the  same 
distance,  etc.  In  this  illustration  it  is  assumed,  of  course,  that  in 
each  case  the  surface  is  perpendicular  to  the  direction  of  the 
rays  of  light  falling  upon  it. 

At  first  sight  it  might  appear  from  Tables  I  and  II  that  there 
is  a  sharp  line  of  demarcation  between  those  operations  for  which 
one  foot-candle  is  specified  and  those  which  require  two  foot- 
candles,  etc.  In  reality  no  such  well  defined  classification  exists 
and  in  applying  the  Tables  the  inspector  will  find  that  in  certain 
cases,  because  of  the  degree  of  fineness  of  the  work  carried  on  in 
a  particular  plant,  one  grade  higher  or  one  grade  lower  than  that 
which  first  suggests  itself  may  be  a  more  reasonable  requirement 

Again,  it  should  not  be  overlooked  that  there  are  occasional 
operations  which  need  to  be  performed  practically  without  light, 
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such  as  photographic  and  photometric  processes  in  dark  rooms. 
Again,  there  are  some  operations  which  arc  best  observed  by  their 
own  Hght,  as  in  certain  parts  of  the  process  of  working  with  glass. 
In  all  cases  in  which  work  must  be  performed  under  very  low 
illumination,  special  precaution  should  be  taken  to  safeguard  the 
workers  from  accident. 

In  applying  the  illumination  requirements  as  given  in  Tables  I 
and  II  the  foot-candles  specified  should  not  be  construed  as  re- 
ferring only  to  a  horizontal  plane ;  the  illumination  should  be 
measured  on  whatever  plane  the  work  or  operation  is  carried  on, 
whether  it  is  on  a  horizontal,  vertical  or  intermediate  plane.  With 
most  artificial  lighting  systems  the  foot-candles  measured  on  a 
vertical  plane  are  about  one-half  the  illumination  in  the  same 
location  measured  on  a  horizontal  plane.  Attention  is  also  called 
to  the  fact  that  the  values  in  Table  I  are  minimum  values;  that  is. 
they  apply  to  measurements  of  the  lighting  system  in  ordinary 
operation,  not  simply  when  the  lamps  and  reflectors  are  new  and 
clean. 

Natural  Lighting — The  foot-candle  values  given  apply  to 
natural  as  well  as  to  artificial  lighting.  In  practice  it  will  be  found 
that  the  natural  illumination  on  clear  days  is  frequently  many 
times  these  figures ;  in  fact,  an  illumination  of  a  hundred  foot- 
candles  can  be  found  in  almost  any  shop  if  measurements  are 
taken  near  the  window,  and  very  often  mechanics  find  it  w^orth 
while  to  avail  themselves  of  this  illumination  by  walking  over  to 
the  window  whenever  extremely  accurate  measurements  are  to  be 
made.  In  this  connection  it  is  of  interest  to  note  that  the  range 
of  illumination  under  which  the  eye  can  function  with  some 
degree  of  success  is  extremely  wide,  varying  from  a  few 
hundredths  of  a  foot-candle  in  the  moonlight  up  to  as  much  as 
ten  thousand  foot-candles  out  in  the  sunlight  on  a  clear  day 
However,  wide  extremes  in  illumination  are  ordinarily  not  con- 
ducive to  best  vision. 

Most  factory  owners  are  particularly  interested  in  making  the 
best  possible  use  of  their  daylight  facilities,  so  as  to  render  useful 
and  valuable  all  parts  of  the  floor  space;  and  also,  to  shorten 
the  periods  when  artificial  lighting  is  needed.  The  saw-tooth 
sky-windows  of  modern  factory  construction  (Fig.  i),  permit  of 


CODE  OF  LIGHTING  37I 

an  adequate  and  nearly  uniform  daylight  illumination  of  the  entire 
floor  area,  and  are  desirable  when  practicable.  When  rooms  are 
illuminated  through  side  windows,  it  is  often  difficult,  or  im- 
possible, satisfactorily  to  light  all  parts  of  the  floor  space,  or  to 
furnish  adequate  illumination  to  some  of  the  workers  without 
furnishing  too  much  to  others,  or  without  subjecting  the  latter  to 
objectionable  glare.  In  some  cases  the  use  of  prismatic  glass  which 
redirects  the  rays  of  light  so  as  to  admit  more  daylight  into  the 
room,  especially  into  the  parts  of  the  room  remote  from  the 
windows,  is  worth  while.  As  a  rule  it  is  better  to  confine  the 
prismatic  glass  to  the  upper  sash  of  a  window,  as  its  use  in  the 
lower  sash  is  likely  to  cause  objectionable  glare;  moreover  it  cuts 
off  all  view  of  out  of  doors. 

Windows  should  be  equipped  with  adjustable  devices  so  that 
the  illumination  may  be  accomodated  to  changing  exterior  con- 
ditions. Translucent  window  shades  of  light  tones  constitute  the 
most  important  of  these  devices.  W^indow  shades  or  other  day- 
light adjusting  devices  should  not  be  left  to  the  mercy  of  those 
workers  who  may  be  nearest  the  windows,  but  should  be  con- 
trolled by  the  room  foreman.  He  should  readjust  the  window 
equipment  for  the  varying  daylight  conditions  and  he  should,  also, 
decide  when  the  use  of  artificial  light  to  make  up  for  a  deficiency 
in  daylight  in  any  location,  is  permissible. 

Because  of  the  time  required  for  the  adaptation  of  the  eye  to 
its  surroundings  special  danger  is  present  when  one  steps  from 
outdoor  sunlight  into  a  dimly  lighted  storage  space ;  for  example, 
a  passageway  connecting  two  well-lighted  areas  must  be  well 
illuminated.  Again,  where  the  eye  has  been  afforded  the 
advantages  of  a  high  level  of  illumination  throughout  the  day 
and  artificial  light  is  turned  on  to  reinforce  the  failing  natural 
light,  a  higher  total  illumination  is  ordinarily  needed  than  at  night 
under  artificial  lighting  alone. 

Maintenance  of  Illumination — The  proper  and  adequate  main- 
tenance of  equipment  for  both  natural  and  artificial  lighting  is 
essential.  Systems  which  are  adequate  when  first  installed  will 
soon  deteriorate  unless  properly  maintained.  The  factory 
owner  should  establish  a  regular,  definite  system  of  mainten- 
ance so  as  to  insure  that  sky  windows,  side  windows,  lamps 
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and  accessories  are  at  all  times  kept  clean,  in  proper  adjustment 
and  in  good  repair.  Means  should  be  provided  for  easy  access 
to  all  lighting  units  by  the  employee  in  charge  of  their  main- 
tenance. Walls  and  ceilings  should  be  repainted,  preferably  in 
light  tones,  at  regular  intervals,  particularly  where,  as  in  indirect 
systems  of  lighting,  a  large  part  of  the  illumination  comes  from 
the  ceiling.  It  should  be  kept  in  mind  that  the  illumination  re- 
quirements given  in  the  tables  apply  to  the  lighting  equipment 
under  adverse  operating  conditions,  not  simply  new  and  clean  as 
when  first  installed. 

Figs.  2  and  3  show  the  very  considerable  loss  in  illumination 
which  results  from  the  collection  of  dirt  on  lamps  and  lighting 
fixtures.  To  insure  that  a  given  level  of  illumination  will  be 
maintained  even  where  conditions  are  favorable,  it  is  necessary 
to  design  the  system  to  give  initially  at  least  25  per  cent  more  light 
than  the  required  minimum.  In  locations  where  the  dirt  will 
collect  rapidly  and  where  adequate  maintenance  is  not  provided 
the  initial  value  should  be  at  least  50  per  cent  above  the  minimum 
requirement,  and  it  is  evident  from  a  study  of  the  charts  that  even 
this  allowance  may  prove  insufficient. 

Especially  in  connection  with  the  maintenance  of  lighting 
systems  attention  is  called  to  the  desirability  of  having  available 
in  the  factory  some  instrument  with  which  the  foot-candles  of 
illumination  received  at  any  point,  can  actually  be  measured. 
There  are  a  number  of  such  instruments  on  the  market,  some  of 
which,  in  the  hands,  of  experienced  men,  are  capable  of  a  high 
degree  of  accuracy.  One  instrument,  the  foot-candle  meter  (Fig. 
4),  is  not  designed  for  precise  measurement,  but  nevertheless,  has 
a  considerable  field  of  usefulness  because  its  determinations  are 
easily  made  and  are  accurate  enough  for  many  practical  purposes. 
The  foot-candle  meter  is  small,  light  in  weight,  and  does  not  re- 
quire technical  training  for  its  operation ;  foot-candle  illumination 
is  read  directly  from  the  scale  without  computation  or  adjustment. 
In  one  large  establishment  where  the  superintendent  uses  a  foot- 
candle  meter  systematically  as  a  check  on  his  maintenance  depart- 
ment, readings  of  illumination  are  taken  at  regular  intervals  at 
fixed  stations  throughout  the  plant.  These  readings  are  recorded 
in  such  a  way  that  the  successive  readings  are  readily  comparable. 


Fig.  I. — S;iw  l^^,i;.  :.j^;    ^^li-truction,  with  glasr-  i....ii.^  tlie  north  sky,  usually    results  in 
well  diffused  daylight  illumination. 
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Pig.  2. — Chart  showing  the  importance  of  prompt  renewal  of  burned  out  lamps  and 
systematic  cleaning  of  the  lighting  equipment.  These  p<irticular  tests  were  on 
semi-indirect  and  indirect  lighting  systems. 
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Fig.    3. — Lighting   Maintenance    Record. 


Fig.  4. — A  survey  of  actual  lighting  conditions  can  readily  be  made  with  the  foot- 
candle  meter.  This  instrument  is  very  useful  in  "checking  up"  a  lighting  system 
to  see  that  it  is  being  properly  maintained. 


CODE  OK  LIGHTING  373 

When  any  inconsistency  appears  in  the  records  an  investigation 
is  made  and  the  remedy  apphed.  The  illumination  in  that 
establishment  is  never  allowed  to  fall  below  6  foot-candles  without 
immediate  correction.  By  measuring  light  actually  delivered  to 
the  work  the  foot-candle  meter  automatically  reveals  the  combined 
effect  of  all  possible  causes  of  depreciation.  Ignorance  of  the 
magnitude  of  depreciation  has  often  been  the  cause  of  inadequate 
maintenance.  Soap  and  water  cost  less  than  gas  and  electrical 
energy. 

Locating  Switches  and  Controls— The  switches  which  turn  on 
and  off  the  light  in  the  entrances  and  halls  of  a  building  should 
be  located  near  the  points  of  entrance.  Likewise  switches  which 
control  at  least  one  circuit  of  lamps  in  a  room  should  be  located 
near  the  principal  points  of  entrance  to  that  room. 

In  locating  switches  or  control  devices  in  factory  and  mill 
aisles,  care  should  be  exercised  to  arrange  them  systematically; 
that  is,  on  columns  situated  on  the  same  side  of  the  aisle  and  on 
the  same  relative  side  of  each  column.  This  plan  materially 
simplifies  the  finding  of  switches  or  control  devices,  by  those 
responsible  for  turning  on  and  oflf  the  light. 

Control  Parallel  to  Windows— The  light  from  the  lamps  most 
distant  from  the  windows  will  usually  be  required  at  times  when 
the  natural  light  near  the  windows  is  entirely  adequate,  thus 
making  it  advantageous  to  arrange  the  groups  of  lamps  in  circuits 
parallel  to  the  windows.  The  advantage  of  this  method  is  further 
apparent  when  it  is  considered  that  if  the  lamps  are  controlled  in 
rows  perpendicular  to  the  windows,  all  lamps  in  a  row  will 
necessarily  be  on  at  one  time,  while  a  portion  only  may  be 
required. 

Notes  on  Rule  2 — Avoidance  of  Glare. 

Glare  may  be  defined  as  any  brightness  within  the  field  of  vision 
of  such  a  character  as  to  cause  discomfort,  annoyance,  inter- 
ference with  vision,  or  eye  fatigue.  Always  a  hindrance  to  vision, 
it  often,  like  smoke  from  a  chimney,  represents  a  positive  waste 
of  energy  as  well.  It  is  one  of  the  most  common  and  serious 
faults  of  lighting  installations ;  the  Code  properly  requires  the 
shading  of  lamps  in  industrial  plants  to  guard  against  glare. 

Glare  is  Objectionable  because   (i)    when  continued  it  tends 
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to  injure  the  eye  and  to  disturb  the  nervous  system;  (2)  it 
causes  discomfort  and  fatigue  and  thus  reduces  the  efficiency 
of  the  worker;  and  (3)  it  interferes  with  clear  vision,  and  thus 
reduces  the  efficiency  and  in  many  cases,  increases  the  risk  of 
accident  or  injury  to  the  worker.  From  both  a  humanitarian 
and  a  business  viewpoint,  the  owner  or  operator  of  a  factory, 
should  be  interested  in  avoiding  glare,  whether  caused  by  day- 
light or  by  artificial  light.  On  the  other  hand,  in  interpreting  and 
enforcing  the  glare  rule  the  inspector  is  not  expected  to  insist 
upon  what  he  may  believe  to  be  desirable  practice  in  the  given 
case;  his  duty  is  only  to  insure  the  absence  of  a  condition  which 
is  prejudicial  either  to  the  health  or  to  the  safety  of  the  worker. 
If  a  simple  instrument  were  available  for  measuring  glare  the 
task  of  the  inspector  would  be  comparatively  easy.  However, 
there  are  so  many  factors  entering  into  the  situation  that  it  has 
not  been  found  practicable  to  develop  any  instrument  which  will 
properly  evaluate  them  all.  To  arrive  at  an  intelligent  judgment 
in  any  given  case,  therefore,  the  inspector  must  be  reasonably 
familiar  with  the  principal  factors  in  or  causes  of  glare. 

CAUSES  OF  GLARE — There  are  five  principal  causes  of 
glare : — 

1.  Brightness  of  Source — The  light  source  may  be  too  bright ; 
that  is,  it  may  give  off  too  high  a  candlepower  per  square  inch  of 
area. 

A  glance  at  the  sun  proves  that  an  extremely  bright  light  source  within 
the  field  of  vision  is  capable  of  producing  acute  discomfort.  Light  sources 
of  far  lower  brightness  than  the  sun,  such  for  example,  as  the  filament  of 
an  incandescent  electric  lamp  or  the  incandescent  filament  of  a  gas  lamp, 
may  also  cause  discomfort,  although  the  annoying  effect  is  usually  not 
quite  so  marked. 

2.  Total  Volume  of  Light — The  light  source  may  be  too 
powerful  for  comfort;  that  is,  it  may  give  off  too  great  a  total 
candlepower  in  the  direction  of  the  eye. 

Too  frequently  glare  is  assumed  to  be  entirely  a  question  of  the 
brightness  of  the  light  source ;  of  equal  importance  is  the  question  of  its 
total  candle-power.  Experience  has  shown  that  a  500-watt  lamp  in  a 
lo-in.  opal  globe,  or  a  mercury-vapor  lamp  of  an  equivalent  light  output, 
hung  7  or  8  feet  above  the  floor  and  a  similar  distance  ahead  of  the 
observer  will  prove  quite  as  glaring  as  the  exposed  filament  of  a  SO-watt 
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incandescent  lamp  in  the  same  location.  The  brightness  of  the  opal  globe 
unit  is  only  a  few  times  that  of  a  candle  flame,  but  its  total  candle-power 
and  consequently  the  quantity  of  li>4ht  wliich  reaches  the  eye  is  altogether 
too  great  so  that  its  effect  is  worse  than  that  of  the  hare  filament  of  lower 
candle-power,  although  the  latter  may  have  a  brightness  as  high  as  3000 
candle-power  per  square  inch.  An  unshaded  window  often  causes  glare, 
due,  of  course,  to  the  large  volume  of  light  rather  than  to  the  high  bright- 
ness of  the  sk)'. 

3.  Location  in  the  Field  of  View — A  given  light  source  may 
be  located  at  too  short  a  distance  from  the  eye,  or  it  may  lie  too 
near  the  center  of  the  field  of  vision,  for  comfort;  that  is,  within 
too  small  an  angle  from  the  ordinary  line  of  sight. 

The  500-watt  opal  globe  unit  discussed  in  the  previous  illustration 
would  seldom  cause  discomfort  if  placed,  say  80  feet  away  from  the 
observer,  for  at  this  distance  the  total  quantity  of  light  entering  the  eye 
would  be  only  one  one-hundredth  of  that  received  at  8  ft.  Again,  the 
same  Hght  source  would  probably  be  found  quite  unobjectionable  at  a 
distance  of  8ft.  from  the  eye  provided  this  distance  was  obtained  by 
locating  the  lamp  4  ft.  ahead  of  the  observer  and  7  ft.  above  the  eye  level; 
in  this  case  the  lamp  w^ould  scarcely  be  within  the  ordinary  field  of  view. 

The  natural  position  of  the  eye  during  intervals  of  rest  from  any 
kind  of  work  is  generally  in  the  horizontal  direction,  and  it  is  desirable 
that  during  such  periods  the  worker  should  be  freed  from  the  annoyance 
caused  by  glare.  Glare  is  the  more  objectionable  the  more  nearly  the  light 
source  approaches  the  direct  line  of  sight.  While  at  work  the  eye  is 
usually  directed  either  horizontally  or  at  an  angle  below  the  horizontal. 
Glaring  objects  at  or  below  the  horizontal  should  especially  be  prohibited. 
The  best  way  to  remove  light  sources  out  of  the  direct  line  of  vision  is  to 
locate  them  well  up  toward  the  ceiling.  Local  lamps,  that  is,  lamps  placed 
close  to  the  work,  if  used  at  all,  must  be  particularly  well  screened. 

4.  Contrast  zvith  Background — The  contrast  may  be  too  great 
between  the  light  source  and  its  darker  surroundings. 

It  is  a  common  experience  that  a  lamp  viewed  against  a  dark  wall 
is  far  more  trying  to  the  eyes  than  when  its  surroundings  appear  relatively 
light.  A  light  background  requires,  first :  that  the  surface  should  be 
painted  in  a  color  which  will  reflect  a  considerable  portion  of  the  light 
which  strikes  it,  and  second :  that  the  system  of  illumination  employed 
should  be  such  as  to  direct  some  light  upon  the  background.  In  many  cases 
the  ceiling  appears  almost  black  under  artificial  light  simply  because  no 
light  reaches  it.  With  daylight,  on  the  other  hand,  the  walls  of  a  room 
are  often  so  well  illuminated  that  they  appear  brighter  than  the  work 
itself  and  this,  also,  is  a  condition  which  is  not  conductive  to  good  vision. 
In  general,  a  light  tone  for  ceilings  and  high  side  walls  and  a  paint  of 
medium  reflecting  power  for  the  lower  side  walls  will  ordinarily  be  found 
most  satisfactory  under  both  artificial  and  natural  lighting. 
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Where  strictly  local  lighting  systems  are  employed,  that  is,  where 
individual  lamps  are  supplied  for  all  benches  and  machines,  and  no  over- 
head lighting  is  added,  the  resulting  contrasts  in  illumination  will  usually 
be  found  so  harsh  as  to  be  objectionable  even  though  the  lamps  themselves 
are  well  shielded.  The  eyes  of  the  workman  looking  up  from  his  brightly 
lighted  machine  or  bench  are  not  adapted  for  vision  at  low  illuminations; 
hence,  if  adjacent  objects  and  aisles  are  only  dimly  lighted,  he  will  be 
compelled  either  to  grope  about,  losing  time  and  risking  accident,  or  to 
wait  until  his  eyes  have  become  adapted  to  the  low  illumination.  Glancing 
back  at  his  work,  he  again  loses  time  while  his  eyes  adjust  themselves 
to  the  increased  amount  of  light  which  reaches  them.  If  long  con- 
tinued, this  condition  leads  to  fatigue,  as  well  as  to  interference  with 
vision,  and  to  accidents.  In  other  words,  where  local  lamps  are  employed, 
there  should  also  be  a  system  of  overhead  lighting  which  will  provide  a 
sufficient  illumination  of  all  surrounding  areas  to  avoid  such  undesirable 
contrasts. 

5.  Time  of  Exposure — The  time  of  exposure  may  be  too  great, 
that  is,  the  eye  may  be  subjected  to  the  strain  caused  by  a  light 
source  o£  given  strength  within  the  field  of  vision  for  too  long 
a  time. 

Where  an  operator  is  seated  and  his  field  of  vision  is  fixed  for  several 
hours  at  a  time,  light  sources  of  lower  brightness  and  lower  candle- 
power  are  required  than  where  the  operator  stands  at  his  work  and  shifts 
his  position  and  direction  of  view  from  time  to  time.  In  the  first  case 
the  image  of  the  light  source  is  focused  on  one  part  of  the  retina  for  con- 
siderable periods  of  time  and  is  obviously  more  likely  to  cause  discomfort 
and  eye  strain  that  when  present  for  short  periods  only.  Those  who  are 
forced  to  work  all  day  at  desks  facing  the  windows  are  particularly  likely 
to  suffer  from  this  form  of  glare. 

RATING  LIGHT  SOURCES  FROM  THE  GLARE 
STANDPOINT— It  is  evident  that  the  first  two  factors  men- 
tioned as  causes  of  glare,  namely,  excessive  brightness  and  ex- 
cessive candlepower,  concern  the  light  source  itself,  the  third 
factor  concerns  its  location  in  the  field  of  view;  and  the  fourth 
and  fifth  depend  upon  the  conditions  of  its  use. 

In  Table  III  a  means  of  rating  light  sources  (into  Grades  I  to 
X)  has  been  provided  which  takes  into  account  both  their  bright- 
ness and  their  candlepower.  Light  sources  in  Grades  I  and  II 
may  be  termed  soft  or  well  diffused;  those  in  Grades  VIII,  IX 
and  X  are  harsh  and  likely  to  cause  glare.  It  is  seen  from  Table 
III  that  a  light  source  of  high  intrinsic  brightness  but  of  low 
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Figs.  6  and  7— Adjoining  rooms  in  the  same  factory.  The  upper  figure  illustrates  a 
.strictly  local  lighting  system  of  the  poorer  sort.  The  lower  figure  illustrates 
a  lighting  .system  consisting  of  150-watt  bowl  enameled  lamps  equipped  with 
dome  reflectors  .spaced  10  feet  apart;  the  average  illumination  is  r-  f-^t-'-annif-c 


foot-candles. 
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c  ndlepower.-for  exa.nple.  one  that  would  be  classified  under 
the  fifth  hne  of  the  first  column  (less  than  20  cp.-and  100  to  1000 
cp.  per  sq  u.)  has  the  same  rating.  Grade  V.  as  a  source  of 
lower  brightness  but  of  greater  total  candlepower.   (2-5  cp    per 

fiL'column'"^  ""^  '''  '"''''  ''''  -  '''  --^  ^-  '^  t^e 


TABLE  m 

CLASSIFICATION  OF  LIGHT  SOURCES  FROM  TIIF 
STANDPOINT  OF  GLARE  ^ 

rra^^^v;  "f'''^^^'  '''"'■''^'  °^  maximum  softness. 
Grade Xind.cates  sources  of  maximum  harshness. 


MAXIMUM  VISIBLE 
BRIGHTNESS 

(Apparent  candles 
per  sq.  in,) 


Less  than  2 

2  to  5 

5  to  20 

20  to  100 

100  to  1000 

1000  and  up 


TOTAL  CANDLEPOWER  IN  DIRFCTION 
'  OF  EYE. 


Less 
than 


to 

50 


Grade 

Grade 

I 

I 

II 

II 

II 

III 

IV 

V 

V 

VI 

VI 

VII 

In  accordance  with  the  plan  of  Table  III  measurements  of 
bnghtness  and  candlepower  have  been  made  on  a  numt    oi 

artificiT'^H        ■;;      u    '''''  '^''  '■"'''"■   b°"'   "^'"™'   -J 

TaWe  IV      uf,      '  '''™?""  ''"'^«'  '°  "^™  "  ^"own  in 
ly      While  engaged  m  his  work,  the  inspector  will    of 

he  Tabl    h°    "  '"'I  """"  '"  "^^  ""■^"  =>-  -•  '-'"led  Z 
the  Table;  however,  from  those  which  are  given  he  should  be 

ble  to  est,n,ate  closely  in  what  grades  the  others  should  be  ^lace^ 
In  cases  of  doubt,  ,t  ,s  of  course,  possible  to  have  actual  mllsure 
mems  made  to  determme  both  the  brightness  of  ti,e  li«l„i„,,  unit 
and  „s  total  candlepower.     The  unit  can  then  be  rated  in  ac 
cordance  with  Table  III.  ^*^ 
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TABLE  IV 

SPECIFIC  CLASSIFICATION  OF  LIGHT  SOURCES  FROM    THE 
STANDPOINT  OF  GLARE  AS  DERIVED  FROM  TABLE  III 


NATURAL  LIGHT  SOURCES 

(As  seen  through  windows  or  skj^lights) 

Sun 

Very  Bright  Sky 

Dull  Sun 

Sun  Showing  on  Prism  Glass 


OPEN  GAS  FLAMES 


Grade 
X 

V 

III 

IX 
ir 


INCANDESCENT  MANTLE  GAS  LAMPS 


Mantles 
Consuming 
2-5  cu.  ft. 

per  hr. 

Mantles 

Consuming 

5-8  cu.  ft. 

per   hr. 

Ivarge  Sin- 
gle Mantle 
or  Cluster 
8-12  cu.  ft. 
per   hr. 

I,arge  Sin- 
gle  Mantle 
or  Cluster 
12-20  cu.  ft. 
per  hr. 

Grade 

Cluster  or 
High   Pres- 
sure lyamp. 
consuming 
above  20  cu 

ft.  per  hr. 

Grade 

Grade 

Grade 

Gradp 

Clear  Glassware 

V 

VI 

VII 

VIII 

IX 

Frosted  Globes 

III 

IV 

6-in.  Opal  Globe* 
8-in.  Opal  Globe* 
lo-in.  Opal  Globe* 
i2-in.  Opal  Globe* 

II 

I 

III 
II 

IV-VI 
III-V 

V-VII 

VI-VIII 

Dome  Reflector 
Mantle  Visible 
Mantle  not  Visible 

V 

I 

VI 
II 

VII 
III 

VIII 

IV 

IX 
IV 

Bowl  Reflector 
Mantle  Visible 
Mantle  not  Visible 

V 

II 

VI 
II 

VII 

III 

VIII 
V 

IX 
V 

Totally  Indirect* 
Semi-Indirect  Bowls* 

I-II 
II-III 

II 

II-IV 

III 

III-VI 

*Wherea  range  is  given  the  best  grade,  that  is  the  lowest,  applies  to  globes  that  are 
evenly  luminous,  and  the  poorest  to  globes  which  have  a  decidedly  bright  spot  in  the 
center. 
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ARC  LAMPS 

Bncloseil  arcs,  clear  globes 
Flame  arc,  clear  globes 
Flame  arc,  opal  globes 


MERCURY  VAPOR  TUBES 


Grade 

IX 

X 

VII-VIII 


VI 


CARBON  AND  METALLIZED  FILAMENT  INCANDESCENT  LAMPS 

8  c.  p.  V 

l6  c.  p.  V 

32  c.  p.  VI 

TUNGSTEN  FILAMENT  INCANDESCENT  LAMPS 


WATTS 

10-25 

40-60 

75-100 

150-200 

300 

500-1000 

Grade 

Grade 

Grade 

Grade 

Grade 

Grade 

Bare  Lamps 

VI 

VII 

VIII 

IX 

IX 

X 

Frosted  Lamps  or  Frosted  Globes 

II 

lU 

VI 

VII 

VIII 

8-in.  Opal  Globes* 

I 

I-II 

II-IV 

IV- VI 

l2-in.  Opal  Globes* 

II-III 

II-V 

IV-VI 

VII-VIII 

i6-in.  Opal  Globes* 

II-V 

IV- VI 

V-VII 

Flat  Reflectors— Filament  Visible 

VI 

VII 

VIII 

IX 

IX 

X 

Dome  Refls.  — Steel  or  Dense  Glass 

Fila.  visible  from  working  position 

VI 

VII 

VIII 

IX 

IX 

X 

Fila.  not  vis.  from  working  position 

I 

I 

III 

III 

IV 

VI 

Bowl  Refls.— Steel  or  Dense  Glass 

Fila.  \'isiblefrom  working  position 

VI 

VII 

VIII 

IX 

IX 

X 

Fila.  not  vis.  from  working  position 

II 

II 

III 

IV 

VI 

VII 

Dome  Reflectors — Bowl-Enameled 

IV 

V 

VI 

VI 

Lamps 

Semi-Enclosing  Units* 

IIMV 

IV- VI 

IV-VIl 

VI-VIII 

Totally  Indirect  Lighting* 
Semi-Indirect  Bowl* 

I-II 
I-III 

MI 

II-III 

II 

IMV 

III 

I II- VI 

•Where  a  range  is  given,  the  l)est  grade,  that  is  the  lowest,  applies  to  glot>es  that  are 
evenly  luminous,  and  the  poorest  to  gIot>es  which  have  a  decidedly  bright  spot  in  the 
center. 
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TABLE  V 


CHART  OF  THE  FIELD  OF  VIEW 

(Classification  of  Position  of  Light  Source  Which  Takes  into  Account  the 
Distance  from  the  Eye  and  the  Angle  of  the  Line  of  Vision) 


Height  above 

HORIZONTAL    DISTANCE  OF  LIGHT   SOURCE 

Floor  in 

Feet 

FROM 

OBSERVER 

IN  FEET 

I 

2 

3 

4 

6     8 

10 

12 

16 

20 

25  30  35  40 

50 

60  &  up 

6  .  5  orlesj 

A* 

A* 

A 

A 

A  A 

A 

A 

A 

A 

A    A 

B    B 

B 

B 

6.5-7 

G 

E 

D 

C 

C   B 

B 

B 

B 

B 

B    B 

B    B 

B 

C 

7-8 

G 

G 

F 

E 

D   D 

C 

C 

C 

C 

C    C 

C    C 

C 

C 

8-9 

G 

G 

G 

F 

F  E 

D 

D 

C 

C 

C    C 

C    C 

C 

D 

9-10 

G 

G 

G 

G 

F  F 

E 

E 

E 

D 

D  D 

D  D 

D 

D 

ID  -   II 

G 

G 

G 

G 

G  F 

F 

F 

E 

E 

D  D 

D  D 

D 

D 

II  -  12 

G 

G 

G 

G 

G  F 

F 

F 

F 

F 

E  E 

D  D 

D 

D 

12  -   13 

G 

G 

G 

G 

G  G 

F 

F 

F 

F 

E  E 

E  E 

E 

E 

13-  14 

G 

G 

G 

G 

G  G 

G 

G 

F 

F 

F   F 

E  E 

E 

E 

14-  15 

G 

G 

G 

G 

G  G 

G 

G 

G 

F 

F   F 

F  E 

E 

E 

15-  16 

G 

G 

G 

G 

G  G 

G 

G 

G 

F 

F    F 

F  E 

E 

E 

16  -  17 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

F   F 

F  F 

E 

E 

17-  18 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

G    G 

F  F 

F 

F 

18-  19 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

G    G 

G  G 

G 

F 

19  -20  & 

up 

G 

G 

G 

G 

G  G 

G 

G 

G 

G 

G    G 

G  G 

G 

G 

♦Classified  as  A  unless  light  source  is  so   nearly   above  the  head  of  operator  as  to  be 
quite  outside  of  field  of  view  in  which  case  classif  j'  as  E. 
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Fig.  8.— Diagram  illustrating  typical  position  given— 
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TABLE  VI 

SHOWING    LIMITING    GRADES    OF     LIGHT   SOURCES 

PERMISSIBLE   FOR    VARIOUS   SOURCES 


Space  or  work  to  be  lighted. 


cation  of 
Position. 


and  p^'^rage  spaces, 
Yard  ThoroUL'h-  ■■^"*'*'S'  ^lair- 

fares  ways,  Handling; 

ICoarse  Material 


Limiting 
Grade 


Limiting 
Grade 


A 

VI 

V 

B 

VII 

VI 

C 

VIII 

VII 

^ 

IX 

VIII 

R 

IX 

IX 

F 

X 

X 

G 

X 

X 

Ordinary 
.Manufacturing 
Operations! 


Limiting 
Grade 

III 

V 

VI 

vir 

VIII 

IX 

X 


Offices  an<l 
Drafting  work 
it  Certain  Mfg. 
C)perations* 


Limiting 
Grade 

II 
IV 
V 
VI 
VII 
VIII 
X 


BACKGROUND 
W^here  the  background  and  the  surroundings  are  very  dark  in 
tone,  a  light  source  of  one  grade  softer  than  that  specified  in 
Table  \I  may  be  required.  Where  the  background  and  sur- 
roundings are  very  light  in  tone  one  grade  more  harsh  than  that 
specified  m  the  table  may  sometimes  be  permitted. 

to  r.r.Jl^''  \^^  ^'■^'^"^,  S^^  ''""^^  '^*  '"  ^^'s  t^bl*^  cannot  be  rigidly  apulied 

::p'a-ringtr/oiiy::'etr  ^^-^^^^^^^  ^--^  ^-^•^  -  -"-^  -p  --^-t 

TrTorg^p^^^rortin'"'  "°^'"^  ^'^  ''''^'  ^^^'"^  -  °-  ^'--'- 


CLASS  F 


POSlTIQNtiV 


CLASS  C 

POSITION 


tYC  LEVEL  3 FT 
ABOVE  FLOOR 


<^ 


_£a_ 


in  the  chart  of  the  field  of  view,  sec  Table  V. 
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From  a  study  of  Table  IV  it  will  be  observed  that  incandescent 
lamps  equipped  with  reflectors  which  do  not  completely  hide  the 
light  source  have  been  assigned  to  the  same  grade  as  the  cor- 
responding sizes  of  bare  lamps.  It  is  true  that  the  addition  of  a 
reflector  somewhat  increases  the  total  candlepower  in  the  direction 
of  the  eye  and  therefore  the  argument  might  be  advanced  that  a 
lOO-watt  lamp  with  a  flat  reflector  should  be  classified  in  Grade 
IX  whereas  the  bare  lamp  is  Grade  VIII.  On  the  other  hand, 
from  the  standpoint  of  glare,  the  effect  of  the  light  background 
furnished  by  the  reflector  at  least  compensates  for  the  increased 
candlepower  which  it  gives;  the  rating  is  therefore  kept  at 
Grade  VIII. 

Charting  the  Field  of  View — It  has  already  been  pointed  out 
that  the  distance  between  a  light  source  and  the  eye,  and  its  angle 
to  the  line  of  vision  have  much  to  do  with  determining  how  bright 
a  light  source  may  be  used  without  discomfort.  In  Table  V, 
which  is  a  chart  of  the  field  of  view,  the  possible  locations  of 
light  sources  are  classified  in  seven  groups,  A  to  G  inclusive, 
depending  upon  their  distance  from  the  eye  and  their  proximity 
to  the  line  of  vision.  Light  sources  in  positions  designated  A, 
B  or  C,  are  close  to  the  eye  or  close  to  the  line  of  vision; 
hence  they  are  most  likely  to  be  the  cause  of  discomfort,  and  the 
greatest  care  must  be  exercised  in  their  selection.  In  positions, 
F  and  G,  on  the  other  hand,  the  use  of  relatively  bright  sources 
is  much  less  harmful. 

Limiting  Grades  for  Specific  Installations — Table  VI  shows  the 
harshest  grade  of  light  source  which  should  be  permitted  within 
the  field  of  vision  for  fixed  conditions  as  to  location  of  lamp, 
brightness  of  background,   and   character  of  work  performed. 

The  grades  named  in  Table  VI  are  definitely  limiting  values  and 
in  each  case  the  use  of  softer  light  sources  is  to  be  recommended ; 
that  is,  where  Grade  IV  is  permitted,  the  installation  of  a  lighting 
unit  of  Grade  II  or  of  Grade  III  will  be  conducive  to  better 
results  as  regards  both  accuracy  of  vision  and  eye  comfort. 

From  Table  IV  the  majority  of  bare  incandescent  lamps  are 
seen  to  have  a  relatively  poor  rating;  that  is,  most  of  them  fall 
in  Grades  VII  to  IX,  and  it  is  evident  from  Table  VI  that  Grades 
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VII — IX  are  never  to  be  permitted  in  work  rooms  in  positions 
A,  B  or  C.  That  is,  the  use  of  bare  incandescent  lamps  is  pro- 
hibited in  working  areas  except  when  they  are  located  at  con- 
siderable heights  above  the  floor  or  when  they  are  so  placed  as  to 
be  out  of  the  field  of  vision.  At  the  present  time  it  will  be  found 
necessary  from  a  i)racticable  standpoint  to  delay  the  strict  en- 
forcement of  this  provision  in  a  very  few  instances,  particularly 
in  the  case  of  extension  cord  lamps  used  in  temporary  work,  such 
as  in  setting  up  machiner}'  and  in  repairing  automobiles,  etc. 

It  will  be  noted  from  Table  IV  that  the  sources  of  natural  li'dit 
side  and  ceiling  windows,  usually  fall  in  Grade  IV.  This  means 
(see  Table  VI)  that  no  mandatory  rules  are  established  as  to 
the  use  of  shades,  awnings,  etc.,  except  in  those  cases  where  the 
sky  is  visible  through  portions  of  the  sash  in  position  A,  that  is. 
less  than  6.5  ft.  above  the  floor,  or  where  the  sun  itself  comes 
within  the  range  of  vision. 

However,  Grade  II  is  the  limiting  value  for  light  sources  less 
than  6.5  ft.  high,  in  offices,  and  other  locations  where  the  workers 
are  seated  facing  in  one  direction  for  considerable  periods  of  time. 
Hence,  in  these  cases,  to  comply  with  the  Table,  the  work  must 
be  so  arranged  that  the  employees  are  not  required  to  face 
windows  where  the  sky  is  visible  through  the  lower  sash;  that 
is,  less  than  6.5  ft.  above  the  floor. 

Prism  glass  when  so  located  as  to  catch  the  sun's  rays  ordi- 
narily has  a  very  much  poorer  rating  than  clear  glass;  hence, 
where  it  is  used  the  installation  of  window  shades  or  curtains 
should  ordinarily  be  required. 

The  question  naturally  arises  why  if  glare  is  so  objectionable, 
should  not  all  sources  capable  of  producing  glare  be  prohibited 
everj^vhere.  The  answer  is  that  to  attain  a  maximum  softness  of 
light  sometimes  entails  a  sacrifice  in  efficiency  and  an  increase  in 
operating  expense.  If  a  worker  chooses  unnecessarily  to  gaze 
directly  upward  at  bright  skylight  or  at  an  artificial  lighting  unit  so 
located  that  it  is  not  a  factor  in  glare  under  ordinary  circum- 
stances, it  is  scarcely  within  the  province  of  a  code  of  lighting 
to  protect  him  from  the  consequences. 
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How  to  Use  Tables  IV,  V  and  VI — To  determine  whether  a 
given  lighting  installation  is  within  the  glare  limits  specified, 
proceed  as  follows : 

(1)  Select  what  appears  to  be  the  most  glaring  light  source 
within  the  field  of  view  of  any  of  the  employees  when  at  work. 
Measure  the  height  of  that  light  source  above  the  floor  and  its 
horizontal  distance  from  the  worker. 

(2)  With  the  height  and  distance  find  in  Table  V  how  this 
location  in  the  field  of  view  is  classified,  Position  (A,  B  or  C)  etc. 

(3)  With  the  classification  of  the  position  fixed  from  (2) 
determine  from  the  proper  column  of  Table  VI  the  harshest 
grade  of  light  source  ordinarily  permissible  for  this  location. 

(4)  If  surroundings  are  very  light  or  very  dark,  apply  a 
correction  of  one  grade  (plus  or  minus)  to  the  value  found  in  (3). 

(5)  From  Table  IV  find  the  classification  of  the  light  source 
in  use  and  compare  with  (4).  (If  the  particular  source  is  not 
listed,  its  grade  may  be  estimated  or  may  be  determined  by  actual 
photometric  measurements.) 

Glare  By  Reflection — Another  way  in  which  glare  is  produced 
is  by  the  reflection  of  light  from  polished  surfaces  in  the  field 
of  vision.  The  difiiculty  experienced  in  protecting  the  eyes  from 
this  kind  of  glare  is  sometimes  very  great.  The  brightness  of 
the  image  on  the  working  surface  is,  of  course,  proportional  to 
the  brightness  of  the  light  source  above  it,  and  hence,  one  way  in 
which  to  minimize  this  effect  is  to  diffuse  the  downward  light ;  that 
is,  to  use  a  bowl-frosted,  or  bowl-enameled  lamp  or  an  enclosing 
fixture,  or  to  employ  semi-indirect  or  totally  indirect  lighting 
fixtures.  In  some  cases  the  light  source  can  be  so  located  that 
its  reflection  is  directed  away  from,  rather  than  towards,  the  eyes 
of  the  workers.  The  avoidance  of  highly  polished  surfaces  in 
the  line  of  vision  is  another  good  way  to  minimize  reflected  glare. 

There  are  some  instances,  on  the  other  hand,  where  sharp 
shadows  and  specular  reflection  from  the  materials  worked  upon 
actually  assist  vision.  For  example  in  sewing  on  dark  goods 
the  thread  is  much  more  easily  distinguished  when  illumination 
is  secured  from  a  concentrated  light  source,  such  as  a  brilliant 
lamp  filament,  which  casts  sharp  shadows  and  gives  rise  to  a 


^'^'  ^nT?!'""^'"^  'f^*l'  ^"""'V  ""^ha^l^l  '"cal  lamp  which  is  a  menace  to  s..fetv  and  to  vision 
and  !.•,  one  of  the  evils  which  the  Lighting  Code  is  expected  to  eliminate. 


*''*■   bf^i't  amdU-s""    °'^'''  ''-■  "'^""*  "^  '"'^'"'^'  "'"'*      Illumination   approximately 


Fig.    II. — Drafting  room   lighting  using  dense   semi-indirect   units   and   200-watt   lamps. 


Fig.  12.  —A  yard  lighting  installation  consisting  of  iso-watt  lamps  in  shallow  bowl 
reflectors,  mounted  20  ft.  from  the  ground.  The  units  in  each  row  are  spaced 
60  ft.  apart,  and  the  two  rows  are  30  ft.  apart. 
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distinct  glint  from  each  thread.  However,  in  these  cases  the 
Hght  source  must  be  particularly  well  shielded  from  the  eyes  of 
the  worker. 

Notes  on  Rule  3 — Exit  and  Emergency  Lighting. 

The  employer  is  to  be  held  responsible  for  the  proper  lighting 
of  passageways,  stairways  and  exits,  in  so  far  as  his  premises  are 
concerned ;  which  means  such  parts  of  buildings,  floors  or  rooms 
as  are  controlled  by  the  employer,  including  entrances  thereto, 
but  excluding  hallways,  passageways  and  stairways  giving  access 
to  other  floors,  or  to  spaces  on  the  same  floor,  and  used  in  common 
by  the  tenants  of  the  building  These  latter  shall  be  lighted  by  the 
party  or  parties  in  control  of  the  building,  in  accordance  with  the 
Code,  and  the  following  provisions  and  interpretations  thereof : 

"Exit  and  Emergency  Eight-Sources"  are  to  be  understood  as 
those  artificial  illuminants  which  are  necessary  only  to  make  clear 
to  the  occupants  or  employees  the  regular  places  of  exit,  or  to 
enable  them  to  pass  to  and  along  safe  exits  with  reasonable  speed 
and  assurance  of  footing.  Such  lighting  is  never  assumed  as 
being  necessarily  sufficient  for  the  proper  performance  of  regular 
working  operations. 

The  circuits  for  exit  and  emergency  electric  lamps  should  be 
wired  to  be  independent  of  the  working  lamps,  back  at  least  as  far 
as  the  branch  panel  or  distributing  board,  and  should  be 
separately  fused,  so  that  any  failure  of  the  regular  working 
lamps  through  causes  arising  within  that  working  space  will  not 
also  cause  failure  of  the  exit,  stairway,  or  passageway  lamps. 

No  fuses  smaller  than  those  of  the  emergency  branch  circuits 
shall  be  used  back  of  (that  is,  on  transformer,  meter  or  generator 
side  of)  such  circuits,  and  no  power  machiner}-,  portable  ex- 
tension cords  or  convenience  outlets  shall  be  on  such  emergency 
circuits. 

The  "main  service  entrance"  may  be  interpreted  to  mean  the 
entrance  point  (meter  or  distributing  panel)  of  lighting  feeders 
for  the  building,  floor,  loft  or  particular  space  in  question.  In 
gas  lighting,  it  may  be  considered  to  be  the  main  gas  feeder  for 
the  building,  or  the  main  gas  riser  for  the  floor  or  loft  in  question. 
Where  several  factory  spaces  are  grouped  in  the  same  building, 
each  with  its  own  exit  or  exits,  the  emergency  electric  circuits 
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for  any  one  space  are  not  required  to  run  to  the  main  building 
panel  board  or  main  switch  nor  are  the  emergency  gas  pipes 
expected  to  extend  to  the  main  gas  meter  nor  to  the  building 
feeder  from  the  street  main,  except  as  explained  below. 

Under  specially  dangerous  conditions,  where  in  the  opinion  of 
the  recognized  authorities  the  failure  of  the  main  and  entire 
regular  lighting  supply  would  leave  the  employees  without  assured 
means  of  seeing  the  outgoing  passageways,  the  exit  and  emergency 
lamps  should  be  fed  from  an  entirely  separate  source  of  energy, 
such  as  a  storage  battery,  or,  in  case  the  regular  lighting  system 
is  electric,  from  gas  or  other  reasonably  dependable  illuminant. 
Under  normal  conditions,  however,  the  phrase  "separate  supply" 
shall  in  electric  service,  be  interpreted  to  mean  a  separate  branch 
circuit  which  will  afford  lighting  as  long  as  transformers,  gen- 
erators or  main  lighting  feeders  are  intact;  and  in  gas  service, 
interpreted  to  mean  branch  piping  extending  back  to  a  sufficiently 
large  feeder  to  insure  a  gas  supply  unless  stoppage  occurs  near 
or  outside  of  the  main  gas  meter. 

As  indicated  in  the  general  requirements  under  Part  I  of  this 
Code,  the  exit  and  emergency  lamps  should  be  lighted  whenever 
artificial  lighting  is  required  in  the  work  spaces. 

It  is  the  obvious  intent  of  Rule  III  to  insure  reduction  of 
accident  hazard,  and  inasmuch  as  this  end  is  as  beneficial  to  the 
industrial  operator  or  owner  as  to  the  State,  the  detailed 
interpretations  of  this  order,  for  the  various  and  sundry  types  and 
situations  of  working  spaces,  must  be  reached  through  mutual 
co-operation  of  the  owner  and  the  State  authorities. 


Fig.  13.— Ughtinp  of  steel  rolls.     Illumination  provided  by   five  mantle  inclosed  gas  arc 
lamps,  equipped  with  opaque  reflectors. 


'"'K  U  — .'iliirtwHi>t  f.iclory,  sfwiiig:  machine  lighting  llluniiii.itiuii  pros  i.lr.l  l.y  single 
mantle  gas  l.imus,  etjuipprd  vriih  prismatic  reflectors.  U>mps  bpacrd  o  feet  apart  with  a 
clearance  of  5    feet  above  working  pliine. 


pig.  15. — A  plant  where  machine  tools  are  manufactured,  using  mercury-vapor  lamps 
spaced  20  feet  apart  at  a  height  of  25  ft.  above  the  floor;  approximately  i-watt 
per  sq.  ft. 


Fig.  16.— I,aundry  lighting— Illumination  provided  by  five  mantle  gas  arc  lamps,  inclosed 
type,  equipped  with  diffusing  glass  globes. 
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PART  m. 

ADVANTAGES  OF  GOOD  ILLUMINATION. 

While  the  advisability  of  good  natural  and  artificial  illumination 
is  so  evident  that  a  list  of  its  effects  may  seem  commonplace, 
these  effects  are  of  such  importance  in  their  relation  to  factory 
management  that  they  are  worthy  of  careful  attention.  The 
effects  of  good  illumination,  both  natural  and  artificial,  and  of 
bright  and  cheerful  interior  surroundings,  include  the  following: 

1.  Reduction  of  accidents. 

2.  Greater  accuracy  in  workmanship,  resulting  in  improved 
quality  of  goods. 

3.  Increased  production  for  the  same  labor  cost.  . 

4.  Less  eye  strain. 

5.  Greater  contentment  of  the  workmen. 

6.  More  order  and  neatness  in  the  plant. 

7.  Supervision  of  the  men  made  easier. 

While  it  is  difficult  to  place  a  definite  money  value  on  the 
savings  effected  in  increased  production  and  improved  quality, 
by  good  illumination,  it  by  no  means  follows  that  such  savings 
are  insignificant  or  unsubstantial.  The  factorj'  owner  who 
ignores  them  neglects  his  own  interests.  Other  items  in  the 
foregoing  list,  even  more  difficult  to  value  definitely,  are  none  the 
less  real ;  taken  together,  they  constitute  a  powerful  argument 
in  favor  of  the  best  available  illumination  in  the  factory. 

The  following  estimate,  conservatively  based  on  practical  con- 
ditions, gives  an  idea  of  the  relative  costs  of  good  illumination 
by  artificial  means,  and  of  labor,  in  the  factory. 

Assume  that  the  lamps  are  so  spaced  that  one  100- watt  in- 
candescent electric  lamp  will  take  care  of  one  operator ;  that  in 
this  particular  case  the  lamp  bums  on  the  average  two  hours  per 
day,  three  hundred  days  per  year;  that  the  life  of  the  lamp  is 
one  thousand  burning  hours;  and  that  the  operator  works  eight 
hours  per  day,  300  days  per  year. 
4 
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Investment: 

Cost  of  lamp  (list  price) $1.10 

Cost  of  enameled  steel  reflector  (list  price) 2.50 

Cost  of  wiring  per  outlet     •  •    8.00 

Total  Investment $11.60 

Cost  of  Operating  per  Annum: 

Interest  on  Investment,  |ii.6o  at  6% |  0.70 

Depreciation  on  reflector  and  wiring  at  I2>^% 1.31 

Renewal  of  lamp  x  $1.10 6.06 

•^  1000      *^ 

Cleaning,  at  3^  per  cleaning,  two  per  month 0.72 

Energy  at  5^  per  Kw-h 3-00 

Total  Annual  Cost  of  Maintaining  Good  Illumination : 

Per  man  per  year  $6.39 

Cost  of  Labor:    Annual  Wages  per  Man  per  year 

Eight  hours  at  A,^<f  per  hr. ;  8  x  300  x  $.45 $1080 

If  an  operator,  because  of  the  good  illumination,  saves— in  more 
production,  or  better  quality  of  product — the  equivalent  of  only- 
three  minutes  per  day  for  300  days,  he  will  offset  the  annual  cost 
of  the  illumination.  Good  illumination  is,  relatively  speaking, 
inexpensive,  and  its  introduction  and  maintenance  are  good  in- 
vestments on  the  part  of  the  factory  owner. 

These  estimated  figures,  illustrating  the  low  cost  of  good  light- 
ing compared  with  the  cost  of  labor,  also  illustrate  how  large  may 
be  the  losses  unconsciously  sustained  by  the  factory  owner  from 
the  use  of  a  poor  lighting  system.  An  operator  losing,  say,  30 
minutes  per  day,  loses  more  than  $60.00  per  year,  or  about  ten 
times  the  cost  of  giving  him  good  illumination. 

The  factory  owner,  when  approached  by  the  gas  or  electric 
lamp  salesman,  should  weigh  carefully  any  argument  in  favor  of  a 
change  in  his  lighting  system  which  is  based  solely  upon  a  resultant 
saving  in  energy  consumption.  The  example  given  above  shows 
how  greatly  the  gain  in  increased  output,  due  to  good  lighting, 
overbalances  any  possible  saving  in  energy  consumption  effected 
by  changes  in  the  system  of  illumination.  If  the  proposed  new 
system  sacrifices  anything  in  the  quality  of  illumination,  or  if  it 
merely  substitutes  one  inadequate  system  for  another,  it  should 
be  rejected,  and  the  factory  owner  should  insist  that  if  his  light- 
ing installation  is  changed,  the  new  system  must  meet  the  re- 
quirements of  good  illumination  even  though  this  involves  the 
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consumption  of  more  energy  than  before.  First  a  good  lighting 
system,  and  then  as  much  economy  in  energ>'  consumption  as  is 
consistent  with  the  illununation  requirements-such  a  poHcy  is 
the  wise  one  for  the  factory  owner. 

Accident  Insurance  Costs: 
Compensation  insurance  premiums  for  a  given  plant  are  bascxl 
on  the  amount  of  the  payroll,  and  the  rate  is  determined  bv  the 
accident  experience  of  a  given  industry,  modified  by  the  ex- 
perience of  the  particular  plant  under  consideration  With  a 
rate  of  one  per  cent  the  annual  premium  in  the  case  of  looo 
employees  at  an  average  wage  of  $40.00  per  week  would  be 
$20,800.00. 

An   insurance   carrier   might   pay   the   claims   resulting    from 
two  accidents  per  month    (on  an  average)    in  this  plant    and 
meet  his  own  overhead  costs,  and   still   have  a  slight   margin 
u-  ^i'^'r^V   '"""  experience  of  three  accidents   per  month,   one- 
third  of  them  due  to  poor  lighting  (a  not  unlikely  event),  would 
probably  leave  the  insurance  carrier  no  option  but  to  increase  the 
rate  by.  say.  50  per  cent.  The  premium  would  then  be  $31  200-an 
increase  of  $10,400.  If  the  lighting  costs  only  $3.00  per  emplovee 
or  $3,000  per  year  total,  the  owner's  annual  expense  for  poor 
Illumination  actually  amounts  to  $i3.4oc>-of  which  $10400  is 
required  by  the  insurance  company  to  meet  accident  claims     An 
expenditure  of  $6.00  per  year  per  employee  for  lamps  and  ener^A- 
might  save  a  large  portion,  if  not  all,  of  the  latter  amount. 

DISCUSSION 
E.  L.  Elliott:     This  is  a  subject  in  which  I  am  particularly 
mterested.     Formulating  a  satisfactory-  lighting  code  is  not  an 
easy  matter     The  difficulty  lies  in  getting  a  code  that  can  and  will 
be  enforced   by   those   charged   with   the   duty,   and   which   will 
actually  prevent  the  most  serious  abuses  of  industrial  lighting 
and  yet  work  no  hardship  upon  the  manufacturer      If  a  list  of 
exact  rules  is  laid  down  it  becomes  difficult  to  intelligentlv  enforce 
them;  and  if  enforced  unintelligently  they  mav  become  sources 
of  great  annoyance  to  the  manufacturer.     If,  on  the  other  hand 
a  few  broad  principles  are  laid   down-as  that  "adequate  lighting 
shall   be  provided"-the  question  of  what  constitutes  adequate 
h^ht.ng  in  any  given  case  may  give  rise  to  very  serious  differences 
of  opimon  between  the  enforcement  officers  and  the  manufacturer 
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So  far  as  state  regulation  of  factory  lighting  goes  it  can 
concern  itself  only  with  the  safety  and  health  of  the  employee; 
whether  or  not  it  is  such  lighting  as  will  enable  the  worker  to  turn 
out  his  maximun  output  is  entirely  beyond  the  state's  interest  and 
jurisdiction.  The  state  can  of  course  advise,  as  far  as  it  likes,  but 
no  one  is  bound  to  respect  its  advice.  In  regard  to  safety,  the 
provisions  of  the  code  as  reported  seem  to  meet  the  requirements 
satisfactorily.  In  respect  to  health,  there  is  but  one  point  on 
which  statuory  regulation  can  touch,  and  that  is  glare.  It  is 
sufficiently  established  that  glare  from  modern  light  sources  may 
injuriously  effect  the  eyes,  and  from  that  the  general  health.  To 
prevent  such  injury  without  necessitating  the  use  of  some  particu- 
lar form  of  light-source  or  accessory  is  a  legitimate  function  of 
law.  This  can  be  accomplished  in  very  practical  manner  by 
limiting  the  intrinsic  brilliancy  of  luminous  surfaces  that  are  used 
within  a  specified  distance  from  the  working  plane,  or  floor.  This 
can  be' done  by  a  very  simple  specification,  which  will  cut  out  the 
use  of  bare  incandescent  and  arc  lamps,  and  still  require  no 
particular  kind  of  globe,  shade,  or  reflector. 

Louis  Be;ll  :  There  are  very  many  interesting  points  in  this 
report.  One  of  them  has  just  been  referred  to,  the  question  of 
trying  to  specify  a  glaring  lamp  of  unspecified  size  merely  by  its 
intensity  per  square  iinch.  I  have  thrashed  over  that  complete 
phase  of  the  subject  with  great  elaboration  in  connection  with  the 
Massachusetts  code,  and  there  is  certainly  in  addition  to  the  very 
plain  connection  between  specific  brilliancy  and  glare,  a  connection 
between,  so  to  speak,  flux  and  glare,  mass  illumination  and  glare ; 
in  other  words,  a  condition  of  candle  power  per  square  inch, 
perfectly  intolerable  with  a  five  hundred  watt  lamp,  is  harm- 
less with  a  fifty  watt,  and  that  is  one  of  the  very  troublesome 
things  that  we  have  had  to  deal  with. 

I  think  that  the  tables  which  the  report  gives  come  nearer  to 
taking  due  account  of  these  variables  than  anything  that  has  yet 
been  produced.     They  look  complicated  but  are  not. 

With  respect  to  the  question  of  required  illumination,  the 
main  thing  is  to  set  a  minimum,  no  matter  whether  you  actually 
measure  the  illumination  with  an  accuracy  of  ten  per  cent  or 
twenty-five  per  cent.     If  you  are  sure  that  it  is  over  the  minimum, 
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you  are  safe.  To  secure  that  minimum  is  the  main  thing.  After 
a  manufacturer  finds  that  he  has  to  provide  the  specified  illumin- 
ation, he  generally  provides  much  better  illumination  than  he 
did  before,  but  the  fellow  that  the  code  is  after  doesn't  care  what 
illumination  he  gets  if  his  people  can  only  be  kept  at  work,  and 
the  work  not  actually  stopj>ed. 

I  am  reminded  of  what  one  manufacturer  told  me,  a  man 
who  had  a  floor  of  four  hundred  by  one  hundred  forty  feet.  The 
only  means  of  exit  was  a  door  at  each  end,  and  the  only  means  of 
emergency  lighting  was  a  kerosene  lantern  hung  inside  each  door. 

I  asked  this  man  how  long  it  would  take  his  people  to  get 
out,  in  case  of  need  and  he  responded,  "I'm  damned  if  I  know 
and  I'm  damned  if  I  care." 

That  particular  sort  of  fellow  we  want  to  get  after  with  the 
code,  and  the  only  way  to  get  after  him  is  to  put  on  an  irreducible 
minimum  and  trust  the  factory  inspector  to  see  that  minimum 
provided  with  the  general  direction  to  the  inspector,  "Put  your- 
self in  his  place  when  you  stand  by  the  workmen  and  see  the 
conditions  under  which  he  works," 

E.  P.  H\T)E:  I  am  interested  in  the  table  giving  the  classi- 
fication with  respect  to  glare.  I  am  gratified  to  see  that  not  only 
brightness  but  also  luminous  flux  is  taken  into  consideration. 
Some  eight  or  ten  years  ago  when  there  was  much  discussion  of 
this  question  in  the  London  Illuminating  Engineer  we  per- 
formed, at  Nela  Research  Laboratory,  a  very  simple  experiment 
which  showed  the  importance  of  the  total  luminous  flux  on  the 
glare  of  a  source  of  definite  brightness. 

A  broad  source  was  focused  by  means  of  a  short  focus  lens 
on  the  cornea.  The  observer  focused  his  eye  on  the  lens  which, 
except  for  errors  in  the  lens,  appeared  as  a  large  source  of  uniform 
brightness.  Under  these  circumstances  the  glare  was  painful 
to  each  of  a  half-dozen  observers.  When,  however,  the  lens 
was  stopped  down  by  means  of  a  diaphragm,  so  that  the  total 
flux  entering  the  eye  was  reduced  without  any  change  in  the 
brightness  of  the  source,  the  observer  was  able  to  view  the  source 
without  any  great  discomfort.  This  experiment  shows  conclu- 
sively that  not  only  the  brightness  but  also  the  total  flux  of  light 
entering  the  eye  played  an  important  part  in  determining  glare. 
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This  element  has  been  duly  considered  in  the  table  referred 
to  above,  but  there  is  one  question  which  I  would  like  to  ask. 
It  may  be  that  it  is  answered  elsewhere  in  the  report,  but  if  so. 
it  has  escaped  me  in  listening  to  the  reading  of  the  report  by  Mr. 
Stickney.  I  note  that  the  various  illuminants  are  graded  ac- 
cording to  brightness  in  candles  per  square  inch  and  according 
to  the  total  flux.  I  would  like  to  ask  if  this  rating  was  made  on 
all  lamps  at  the  same  distance?  A  looo  watt  lamp  placed  at  a 
great  distance  would  not  be  any  more  glaring  than  a  25  watt  lamp 
placed  very  much  closer.  I  would  like  to  ask  whether  this  element 
has  been  duly  considered?  Obviously  in  a  rating  light  source 
with  reference  to  glare  it  is  necessary  to  take  into  consideration 
the  distance  at  which  the  source  will  ordinarily  be  seen  as  it  is 
used. 

S.  G.  HiBBEN :  As  a  member  of  this  Committee,  I  might 
unofficially  report  one  thing  that  was  discussed,  more  as  a  matter 
of  nomenclature.  This  is  important  because  the  factory  in- 
spectors are,  as  you  know,  men  who  are  anxious  to  learn  but  who 
do  not  have  the  lighting  experience  that  we  may  possess  and 
do  not  converse  in  the  illuminating  engineering  vocabulary,  there- 
fore must  be  helped  in  using  the  most  simple  and  most  non-mistak- 
able  terms. 

One  word  (Mr.  Harrison  introduced  this  expression  I 
believe)  i.  e.,  "intensity,"  is  an  unfortunate  way  of  explaining 
illumination  values  to  the  inspector  or  the  customer.  Intensity  im- 
mediately suggests  to  the  casual  listener  an  idea  of  something  dis- 
agreeable, sharp,  as  we  speak  of  intense  pain,  intense  heat,  or  in- 
tense pressure.  It  is  entirely  logical  to  use  merely  the  word  "illum- 
ination," or  perhaps  "illumination  value,"  and  then  say  "the  illum- 
ination is  5  foot-candles,"  just  as  we  would  say  "the  weight  of  a 
brick  is  2  pounds" — not  "the  intensity  of  the  weight  is  2  pounds." 
I  regret  the  insertion  of  the  word  "intensity"  in  a  code  of  this 
kind  because  psychologically  it  is  often  misinterpreted. 

E.  Y.  Davidson,  Jr.  :  I  am  very  glad  to  see  that  the  Commit- 
tee has  reported,  the  factors  which  determine  glare.  In  my  opinion 
we  are  approaching  closer  to  proper  limits.  I  think  the  Committee 
has  used  forethought  in  Table  IV  in  giving  limits  for  the  glass 
enclosing  globes,   semi-enclosing  units,  totally  indirect  lighting, 
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etc.  In  view  of  the  fact  that  glass  enclosing  globes  vary  in 
absorption  from  ten  to  forty  or  fifty  per  cent,  and  also  because 
they  will  vary  from  being  perfect  diiTusers  to  difTusers  which 
are  not  diflfusers  at  alli  that  changes  the  problem  entirely. 

I  would  like  to  know,  however,  for  my  own  personal  satis- 
faction, why  three  classes  were  given  for  total  indirect  lighting. 
I  can  realize  that  there  would  be  a  great  diflference  in  increasing 
the  size  of  the  globe  when  a  ceiling  had  a  glossy  finish,  so  that 
the  reflection  of  the  lamp  were  occasioned,  if  we  take  into  con- 
sideration the  unit  suspended  from  the  ceiling,  and  the  size  of 
the  lamp. 

Also  in  Table  III,  I  believe  it  would  be  interesting  to  know 
how  it  was  determined  to  designate  different  enclosing  globes  as 
to  their  brightness  and  their  candlepower  and  the  direction  of 
the  eye,  according  to  the  letters  that  are  given.  What  were  the 
factors  in  making  that  gradation  ? 

Ward  Harrison  :  In  response  to  Dr.  Hyde's  question,  Table 
III  was  intended  by  the  Committee  to  represent  as  Mr.  Stickney 
put  it,  the  ability  of  various  light  sources  to  produce  glare  if  they 
had  equal  change,  equal  space,  an  equal  angle  to  the  line  of  vision, 
the  same  distance  from  the  eye.  That  was  the  first  consideration. 
The  second  was  the  location  of  the  light  source  with  respect  to 
the  person  working  under  it,  whether  close  to  him,  far  from  him, 
or  nearly  over  his  head.  The  third  was  what  sort  of  application 
does  the  work  require,  whether  the  operator  faced  one  position 
for  a  long  time  and  used  his  eyes  looking  at  small  objects  or 
whether  he  simply  had  to  walk  around  the  room  and  shovel  ashes. 

Now,  naturally  the  light  source  which  had  less  than  two 
candlepower  per  square  inch,  and  less  than  twenty  candlepower 
was  given  a  very  good  rating  in  this  case  and  one  which  gave  more 
than  five  hundred  candlepower  per  inch,  was  g^ven  the  very 
worst  rating. 

Then  all  grades  between  that  and  the  remaining  thirty  possible 
locations  in  the  table  were  assigned  grades  by  the  Committee, 
which  in  their  opinion  represented  approximately  an  equitable 
distribution,  as  a  result  of  such  experiments  as  have  been  reported 
from  time  to  time. 
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In  Table  V  (a  chart  of  the  field  of  view),  you  will  see  there 
is  specifically  taken  care  of  the  points  which  have  been  raised; 
namely,  if  the  light  source  close  above  your  head  was  less  than 
six  and  a  half  feet  and  if  it  was  just  a  short  distance  ahead  of 
you,  say,  three,  four,  five  or  six  feet,  that  position  was  put  in 
Class  A.  That  is  the  position  most  important  to  watch  from  the 
standpoint  of  avoiding  glare.  If  it  was  higher  up  or  more  than 
sixty  feet  from  you,  where  it  was  given  a  position  where  almost 
anything  would  be  passed,  it  was  put  in  Class  G.  If  you  walk 
into  a  shop  and  see  what  appears  to  be  a  glaring  lamp  and  from 
the  Table  V  3^ou  see  it  is  between  seven  and  eight  feet  above  the 
floor  in  front  of  the  workman,  you  put  it  in  Class  D. 

Turn  to  Table  VI  and  in  the  space  used  for  ordinary  manu- 
facturing we  must  have  Class  A  lighting.  In  an  office  such  a 
bright  light  would  not  be  permitted.  If  the  height  is  thirteen 
feet  and  it  is  still  eight  feet  away,  it  would  be  Class  G. 

As  to  the  reason  for  classifying  indirect  lighting  in  groups 
one,  two  and  three,  depending  upon  the  light  source,  I  think  you 
will  agree;  for  instance,  if  we  had  indirect  reflectors  shining 
against  that  wall  before  us  and  they  were  equipped  with  thousand 
watt-lamps,  no  doubt  the  brightness  of  the  wall  might  be  so  great 
as  to  be  annoying,  whereas  if  they  were  illuminated  by  one 
hundred-watt  lamps,  which  would  be  more  likely,  the  brightness 
would  not  be  so  great.  I  think  it  is  very  possible  to  have  low- 
ceilinged-room  lighted  to  such  intensity  by  indirect  lighting  as  to 
be  unsatisfactory  for  instance  in  a  hospital  ward. 

As  to  the  question  of  putting  light  sources  in  Grade  V  Table 
III,  in  one  case  a  lamp  with  less  than  twenty  candlepower, 
and  the  other  extreme  less  than  five  candlepower,  per  square 
inch,  and  then  a  total  intensity  of  more  than  five  hundred  candle- 
power — I  think  that  that  is  rather  hard  to  satisfy  oneself  as  to  its 
reasonableness  unless  you  perform  the  actual  experiment.  If  you 
take  the  thousand-watt  lamp  and  hang  alongside  it  a  bare  fifteen- 
watt  lamp,  and  then  look  at  the  two  and  decide  which  is  the  more 
annoying,  I  think  you  will  find  that  you  will  agree  with  the  table, 
and  perhaps  will  put  even  more  emphasis  on  the  total  flux  and 
less  on  brilliancy. 
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G.  H.  Stickney:  Speaking  as  a  member  of  the  Committee 
m  the  absence  of  the  Chairman,  it  is  gratifying  to  note  the  wide- 
spread interest  as  evinced  by  the  discussion.  As  might  be  ex- 
pected, some  questions  were  raised  which  have  been  carefully 
considered  l>y  the  Committee,  and  most  of  these  have  been  satis- 
factorily explained.  I  need  only  touch  on  those  points  which  seem 
to  need  additional  comment. 

The  Committee  has  endeavored  to  be  as  fair  and  reasonable 
as  possible,  and  avoid  unnecessary  or  questionable  restrictions. 
I  am  thoroughly  convinced  of  the  superiority  of  the  new  rule  on 
emergency  lighting.  There  was  danger  of  the  old  rule  being 
interpreted  in  too  drastic  a  way.  For  example,  there  are  many 
small  one  story  workshops  where  but  few  people  are  emploved  and 
where  night  work  is  infrequent. 

Failure  of  the  artificial  light  is  not  likely  in  such  cases  to 
result  m  dangerous  conditions.  It  is,  therefore,  neither  necessary 
nor  reasonable  to  require  the  same  precautions  as  would  be 
necessary  for  a  crowded  workroom  on  the  tenth  floor  in  a  con- 
gested district.  It  would  therefore  be  unfair  to  impose  such  a 
burden.    The  new  rule  mitigates  this  condition. 

Mention  was  made  of  variation  in  intensity  measurements 
on  the  order  of  60  per  cent.  Of  course,  such  errors  can  be  made 
with  the  finest  instruments.  They  would  not  seem  to  me  to  be 
justifiable  with  the  roughest.  There  would  seem  to  be  no  excuse 
for  errors  of  more  than  10  per  cent,  if  reasonable  care  is  exercised 
It  IS  undoubtedly  true  that  many  state  inspectors  are  not  suffici- 
ently trained  to  insure  accurate  measurement.  Their  decisions 
are  usually  subject  to  appeal,  and  if  an  inspector  makes  a  few 
mistakes,  a  correction  is  likely  to  be  applied. 

Fortunately,  efficient  manufacturing  requires  a  better  stand- 
ard of  lighting  than  can  be  demanded  on  the  score  of  safety,  so  that 
when  the  economics  are  understood,  there  is  not  likely  to' be  much 
of  a  tendency  to  encroach  on  the  limits  set  by  the  code. 

Education  as  to  the  adx-antages  of  good  lighting  is  certain  to 
make  the  codes  easier  of  enforcement,  and  there  appears  to  be  a 
tendency  on  the  part  of  state  officials,  to  take  ad%-antage  of  various 
means  of  promoting  education.    The  use  of  the  term  "intensity" 
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with  reference  to  the  strength  of  illumination,  has  been  objcted 
to  before  in  other  connections.  Perhaps  the  Committee  on 
Nomenclature  and  Standards  can  suggest  a  better  term. 

In  closing,  I  want  to  express  the  regret  that  I  know  Mr. 
Marks  feels  in  his  inability  to  be  present  at  this  discussion.  He 
initiated  this  activity  in  the  Society,  and  has  continously  led  it  as 
Chairman  of  the  Committee,  frequently  at  the  sacrifice  of  his  own 
personal  affairs.  The  Society  and  country  are  certainly  indebted 
to  him  for  the  splendid  accomplishment. 
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Electrical  si^i  manufacture  in  the  past  has  followed  largely 
empirical  standards.  The  many  great  successes  that  have  been 
achieved,  have  not  been  unmixed  with  a  fair  proportion  of  in- 
stallations which  have  failed  to  produce  the  best  effect  obtain- 
able with  the  materials  available.  In  the  hope  of  contributing  to 
the  illuminating  engineering  basis  which  should  supplement  the 
artistic  and  spontaneous  genius  without  which  there  could  be  no 
such  displays  as  Times  Square,  New  York  City,  presents,  this 
analysis  is  presented  with  some  fundamental  though  limited  data. 

The  effectiveness  of  an  electric  sign  depends  upon  three 
essential  characteristics.  The  first  is  the  power  to  gain  atten- 
tion— that  is,  its  attracting  power.  The  second  is  the  power  to 
make  itself  understood,  to  be  read,  or  deciphered — its  legibility. 
The  third  is  the  power  to  impress  its  message  into  the  minds  of 
those  whose  attention  it  has  caught  (and  who  have  been  able 
to  read  it), — its  selling  power. 

This  paper  is  devoted  to  an  analysis  of  some  of  the  factors 
that  affect  the  attracting  power  and  legibility  of  exposed-lamp 
electric  signs. 

Legibility  depends  upon  the  visual  acuity  of  the  observer 
and  the  degree  of  openness  or  separation  of  the  members  or 
strokes  of  the  letters.  The  degree  of  openness  of  a  letter  depends 
upon  the  shape  of  the  letter  and  the  width  of  the  stroke,  which  in 
its  turn,  may  be  made  of  a  single,  a  double  or  many  rows  of  light 
sources.  But  also  the  apparent  width  of  the  line  of  light  from 
a  row  of  light  sources  is  not  a  constant.  In  any  given  sign,  it 
becomes  wider,  thus  filling  up  the  spaces  of  the  letters  and  making 
them  less  legible  and  more  blurred  when  higher  intensity  and 
brighter  and  more  closely  spaced  light  sources  are  used ;  it  is 
wider  (apparently)  as  the  distance  at  which  it  is  viewed  increases, 

•  A  pnp«r  presented  at  the  Annnal  Convention   of   the  Illuminating  Engineering 
Society,  Rochester,  N.  V.,  September  J6-K),  1921. 

••  Engineering  Dept.,    National    I^mp   Works  of  the  General  Electric  Co.,  Cleve- 
land. O. 
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and  becomes  narrower  as  the  brightness  of  the  surrounding  parts 
of  the  same  sign  or  other  nearby  signs  and  as  the  general  illumi- 
nation of  the  district  where  it  is  displayed  are  increased.  It  is 
afifected  by  atmospheric  conditions  and  is  not  the  same  for  the 
various  colors  of  light. 

Ease  of  reading  depends  upon  the  pattern  of  the  letters,  the 
finish  and  color  and  spacing  of  the  light  sources,  and  the  mechani- 
cal construction  of  the  sign  letters,  whether  they  be  made  with  or 
without  a  trough,  whether  the  face  be  clean  and  white,  etc. 

A  sign  at  a  given  distance  is  legible,  as  we  use  the  term,  when 
a  person  who  has  average  eyesight  and  who  is  imfamiliar  with 
the  name,  message  or  publicity  pattern  characteristic  of  the  in- 
stitution represented,  can  read  the  sign  correctly  the  first  time  he 
sees  it  at  that  distance. 

The  lettering  of  a  sign  will  cease  to  be  legible,  as  the  observer 
goes  away  from  it,  at  some  point  where  the  angle  at  his  eye  sub- 
tended by  two  parts  of  a  letter  becomes  so  small  that  the  eye  can- 
not resolve  them  and  the  space  between  them  appears  to  be 
filled  up.  An  angle  of  one  minute  of  arc  is  commonly  accepted 
by  opthalmologists  as  a  convenient  and  safe  measure  of  this  angle 
for  a  pair  of  average  eyes.* 

For  illustration,  a  small  sign  which  was  erected  and  tested 
in  which  plain  Gothic  letters  were  used  (because  they  are  the 
most  open  and  legible)  is  taken.  Fig.  i  shows  this  sign  as  it 
would  appear  if  the  strokes  were  single  thin  lines.  The  spacing 
which  will  first  become  filled  up  due  to  the  failure  of  his  eye  to 
resolve  them,  as  the  observer  goes  away  from  the  sign,  are  in- 
dicated by  the  small  arrows.  It  is  obvious  that  long  before  the 
angle  at  the  eye  subtended  by  the  topmost  and  bottommost 
lamps  is  one  minute  of  arc,  or  apparently  all  one  point  of  light, 
the  N  will  have  become  indistinguishable  from  an  H  and  the  E 
from  a  B,  etc.  When  this  happens,  any  two  points  on  a  letter, 
which  at  that  distance  subtend  an  angle  at  the  observers  eye  of 
one  minute  of  arc  and  are  therefore  at  the  limit  of  the  resolving 
power  of  the  eye,  will  have  a  distance  between  them  which  is  a 
fractional  part  of  the  height  of  the  letter.     In  the  case  of  the 

*  For  a  physiological  explanation  of  this  phenomenon  see  "Design  of  Illuminated 
Signs"  by  Arthur  H.  Ford,  Transactions  I.  E.  S.,  Vol.  IX,  p.  445.  In  these  experi- 
ments, light  sources  of  an  intensity  lower   than  are  common  practice  now  were  used. 
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Fig-    >• — Small    arrows    indicate    .-paces    between    strokes    which    become    blurred    as    the 
observer  goes  away   from   the  sign. 


Fig-    2- — The    appearance    of    a    30    inch    letter    sign,    with    10-watt    lamps    on    six    inch 
centers  when  viewed  at  700  feet.      If  the  paper  is  held  at  nineteen  feet  from 
the  eye  the  letters  will  appear  in  true  size. 


Fig.  3. -The  siimoijjii   when  \ie\vcd.il  uuo  feet,  or    the   sjimc  sign    with   75-walt   lauijw 
in  pLice  of  the  je.watt  lamps  when  viewed  at  700  feet. 


pig_  4.— Typical  spots  drawn  by  three  observers. 


Fig.  5.— Pantograph  device,  used  in  Test  No.  i. 
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letter  E,  this  is  obviously  0.5  H,  in  the  N  it  is  less;  perhaps  0.3 
H,  etc.  In  the  nomenclature  of  this  analysis,  these  are  the  critical 
dimensions  of  these  letters. 

There  is  also  a  critical  dimension  for  the  entire  word  (or 
words,  in  case  of  a  phrase)  which  ordinarily  is  less  than  the 
largest  and  more  than  the  smallest  of  the  various  critical  dimen- 
sions of  the  letters,  assuming  that  the  word  is  more  or  less 
familiar  to  the  observer  and  that  he  need  recognize  a  part  only 
of  the  letters  in  order  to  read  the  entire  word. 

If  the  sign  of  Fig.  i,  the  letter  height  of  which  is  30  in. 
has  a  critical  dimension  of  0.4  H  or  12  in.,  it  will  cease  to  be 
legible  when  two  points  spaced  12  in.  subtend  an  angle  of  less 
than  one  minute  of  arc  at  the  observers  eye.  This  becomes  so 
at  distances  of  3400  ft.  and  more.  This  then  would  be  the  limit  of 
legibility  for  this  sign  if  the  letter  strokes  were  lines  of  negligible 
width  but  always  visible. 

The  letter  stroke,  however,  is  never  of  a  negligible  width. 
It  may  purposely  be  made  wider  by  the  use  of  two  or  more  lines 
of  lamps,  in  order  to  give  the  lettering  a  heavier  and  more  sub- 
stantial appearance.  This  would  in  itself  cause  the  critical 
dimensions  and  consequently  the  limit  of  legibility  to  be  reduced. 
But  even  if  a  single  row  of  lamps  is  used  the  line  of  light  has 
an  appreciable  width. 

It  was  found  in  early  observations  that  signs  become  il- 
legible at  distances  much  less  than  might  have  been  expected  if 
the  critical  dimensions  of  the  letters  had  been  measured  from 
the  center  lines  of  the  lamps. 

The  sign  in  Fig.  i  when  equipped  with  10- watt  lamps,  has 
an  appearance  somewhat  like  Fig.  2,  when  seen  at  700  ft.  The 
critical  dimension  now  is  about  half  what  it  was  in  Fig.  i.  If 
the  letter  strokes  appeared  of  this  relative  width  at  all  distances, 
the  limit  of  legibility  would  therefore  be  half  what  was  figured 
when  the  stroke  was  considered  as  a  fine  line,  or  for  this  sign, 
about  1700  ft. 

As  the  distance  to  the  observer  was  increased  from  700  ft., 
the  appearance  became  rapidly  less  clear.  At  1300  ft.  it  was  very 
diflficult  to  read,  it  looked  like  Fig.  3.     The  critical  dimension 


400         TRANSACTION  I.  E-  S.        VOL.  XVI,  NO.  8,  NOV.  20,  192I 

had  become  very  nearly  zero,  while  still  the  outer  shape  of  the 
word  was  distinct.  For  this  specific  sign,  the  legibility  limit 
came  at  less  than  40  per  cent  of  the  theoretical  maximum. 

The  effect  of  higher  intensity  light  sources  was  then  tried 
in  the  same  sign.  Seventy-five-watt  lamps  were  installed  and  at 
700  ft.  it  was  estimated  that  the  sign  was  legible  with  the  same 
effort  as  it  had  been  at  1300  ft.,  when  eqipped  with  10- watt 
lamps.  It  looked,  therefore,  like  Fig.  3  except  that  the  whole  sign 
was  nearly  twice  as  large.  It  had  a  legibility  limit  of  less  than 
20  per  cent  of  the  theoretical  maximum. 

If  the  line  of  light  from  a  row  of  light  sources  varies  in 
width  as  these  observations  indicated,  increasing  with  the  in- 
tensity and  brightness  of  the  sources  and  also  with  the  distance 
at  which  it  is  viewed,  a  spot  of  light  from  a  single  source  must 
also  vary  likewise.  The  single  spot  was,  therefore,  taken  as  the 
basis  of  study  and  the  following  tests  made  to  determine  the 
laws  that  govern  its  apparent  size. 

For  convenience  of  discussion,  the  spot  of  light  that  appears 
uniformly  bright  when  a  light  source  is  viewed  at  a  distance,  is 
referred  to  the  plane  of  the  light  source  where  it  has,  by  pro- 
jection, concrete  dimensions.  Around  this  spot  there  are  stream- 
ers and  halos  and  rings,  none  of  which  are  included  in  what  is 
here  called  the  spot.  The  spot  itself  is  very  irregular  in  shape 
and  never  twice  alike  but  always  has  the  appearance  of  a  circular 
disc  with  a  jagged  perimeter.  When  the  diameter  of  the  spot  is 
mentioned,  the  diameter  of  a  circle  whose  area  is  equivalent  to 
that  of  the  spot  is  meant. 

For  a  clearer  visualization  of  what  is  meant  by  the  spot, 
typical  spots  drawn  by  three  observers  are  shown  in  Fig.  4.  While 
the  spots  for  any  observer  vary  slightly  from  time  to  time,  they 
are  nearly  enough  alike  so  that  if  drawings  were  made  of  a  large 
number  of  them,  they  would  be  easily  devisible  into  groups  accord- 
ing to  the  observers.  As  would  be  expected,  when  the  observer's 
head  is  tilted  sideways,  in  a  plane  perpendicular  to  the  line  of 
sight,  the  spot  tilts  with  it,  and  when  more  than  one  light  source 
is  included  in  the  field  of  vision,  the  spots  from  all  of  the  sources 
are  identical  in  shape  though  not  necessarily  in  size. 
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Test  No.  I. — 

On  the  first  attempt  to  measure  the  size  of  the  spot  of 
light,  a  series  of  lamps  were  placed  on  a  pantograph  device 
(See  Fig.  4).  The  observer  at  a  distance  signalled  to  have  the 
lamps  brought  more  closely  or  separated  more  widely  until  they 
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Fig.  6.— Spot  sizes  measured  by  means  of  the  Pantograph  Device  against  a  dark  back, 
ground.  In  this  test  there  were  several  lamps  in  a  line  and  the  size  of  any  one  of 
them  would  therefore  be  affected  by  the  presence  of  the  others. 

had  the  appearance  of  just  touching.  The  distance  of  separation 
of  the  light  sources  was  measured  and  plotted  against  the  tip 
candle-power  of  the  lamps  as  shown  in  Fig.  6.  Though  this 
experiment  gave  little  data  as  to  the  exact  size  of  a  single  spot, 
it  seemed  to  justify  the  first  conclusion  that  the  spot  size  varied 
with  the  intensity  and  brightness  of  the  light  source. 

Test  No.  2. — 

The  question  then  arose  as  to  whether  the  spot  of  one  lamp 
alone  would  appear  the  same  as  a  part  of  the  line  of  light  from 
a  series  of  lamps.  In  the  next  experiment,  therefore,  only  one 
light  source  was  used.  A  gas-filled  lamp  was  horizontally  mounted 
on  a  frame  work  (See  Fig.  7)  at  about  the  level  of  the  eye.  About 


402        TRANSACTION  I,  E.  S.        VOL.  XVI,  NO.  8,  NOV.  20,  1 92 1 

18  in.  away  and  on  a  horizontal  level  with  the  light  source,  was 
located  a  box  enclosing  a  lamp.  A  circular  bond  paper  window 
formed  a  diffuse  disc  of  light.  The  illumination  of  the  circular 
window  or  disc  was  reduced  to  a  degree,  where  it  could  just  be 
clearly  and  distinctly  seen  under  all  of  the  conditions  of  the  test, 
the  most  severe  of  which  was  in  comparison  with  a  clear  loo-watt 
gas-filled  lamp.  Precautions  were  taken  to  prevent  the  light 
source  from  illuminating  the  frame  work  and  the  near  ground. 
This  was  done  by  enclosing  it  in  a  slightly  conical  black  tube 
open  at  the  front.  The  conditions  were  therefore  a  comparatively 
black  background  and  surrounding  field  and  a  single  light  source. 
The  observer  walked  forward  and  back  from  50  to  250  ft.  from 
the  light  source  and  measuring  disc  to  a  position  where  the  spot 
of  light  appeared  to  be  of  the  same  size  as  that  of  the  disc. 

The  variation  of  size  of  spot  at  different  distances  for  a  ten- 
watt  lamp,  as  measured  by  this  method,  and  the  relationship  be- 
tween tip  candle-power  of  various  lamps  and  distance  to  the 
observer  for  a  constant  size  of  spot  is  given  in  Fig.  8.  On  two 
consecutive  nights,  two  distinct  curves  for  the  same  lamps  were 
obtained.  On  the  first  night,  the  sky  was  cloudy,  and  on  the 
second  night  the  moon  was  very  bright.  The  variation  in  the 
two  curves  is  probably  due  to  the  relatively  brighter  surroundings 
on  the  second  night,  or  to  some  atmospheric  change. 

Test  N0.3.— 

It  was  then  thought  probable  that  the  calibration  disc  did 
not  register  a  true  size;  it  too  might  seem  larger  or  smaller  de- 
pendant upon  its  brightness  and  the  intensity  of  illumination  and 
the  distance  to  the  observer.  To  test  this  possibility,  a  point  was 
found  at  which  the  disc  and  the  open  light  source  (a  50-watt 
gas-filled  lamp)  appeared  to  have  the  same  size.  The  illumina- 
tion on  the  disc  was  then  decreased,  the  observer  watching  all  the 
while  and,  up  to  the  time  that  the  disc  ceased  to  be  light  enough 
so  that  it  could  be  clearly  distinguished,  it  apparently  became 
continually  smaller  as  it  became  dimmer. 

This  variation  opened  a  new  phase  of  the  problem ;  it  in- 
dicated that  it  was  not  only  comparatively  bright  objects  such 
as  an  incandescent  filament,  but  relatively  dim  objects,  things 
which  are  very  close  to  the  limit  of  visibility,  that  appear  to 
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Fig.  7.-Apparatu.s  used  in  Test  No.  2.  The  hght  source  is  l.xMitl  iiisule  the  conical 
tube  which  was  necessary  in  order  to  prevent  the  ilhimination  of  the  frame 
work  and  fore  ground.  The  tube  held  before  the  observers  eyes  was  used  to 
eliminate  disturbing  lights  on  the  sides  and  also  to  prevent  a  subconscious 
tendency  on  the  part  of  the  observer  to  check  his  first  reading  position  without 
an  exact  reference  to  the  size  of  the  .spot.  In  making  these  readings,  a  point 
was  always  found  at  which  the  disc  was  distinctly  larger  than  the  spot,  and  the 
position  was  found  at  which  the  spot  was  distinctly  larger  than  the  disc.  The 
distance  between  these  readings  was  occasionally  as  much  as  20  per  cent  of  the 
total  distance  to  the  spot  and  disc. 
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Fig.  S.— Spot  size  when  measured  in  comparison  with  a  uniformly  bright  di.sc. 

The  two  slightly  diverging  curves  represent  the  different  distances  at  which  a  number 
of  lamps  of  different  tip  candlepower  appear  to  have  the  sjjme  size  of  spot.  In  each 
case  a  four  inch  disc  was  used  as  a  measure  and  the  two  curves  were  obtained  on  a 
dark  and  a  moonlight  night  respectively.  In  the  other  curve  the  disc  was  changed 
and  one  lamp  ( 1.5  tip  candlepower)  only  was  used.  The  distance  at  which  this  lamp 
had  the  same  size  of  spot  as  the  dimly  lighted  disc  was  measured.  The  dimensions 
are  in  terms  of  the  apparent  size  of  the  disc  spot  and.  therefore,  are  relative  only. 
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Fig.  10.— The   effect   of   the   border  illumination  in  reducing  the  size  of  spots  and  in- 
creasing legibility. 
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change  size  according  to  their  intensity,  and  that  they  do  this, 
even  when  located  at  a  very  small  angle  from  other  objects, 
whose  brightness  may  be  a  great  many  times  greater.  Also  that 
the  size  of  such  an  object  not  only  increases  but  actually  doubles 
within  the  range  of  what  may  be  called  a  dim  illumination. 

It  is  seen  then  that  the  apparent  size  of  any  object  which  is 
located  in  a  dark  field  depends  upon  the  intensity  and  brightness 
of  that  object,  no  matter  whether  it  be  so  dim  as  to  be  barely 
visible,  or  so  light  as  to  be  dazzling  and  also  upon  the  distance 
from  which  it  is  observed.  Another  effect  of  this  test  was  to 
show  that  the  values  of  spot  size  in  the  curves  of  Fig.  8  were 
relative  only. 

Test  No.  4. — 

It  remained,  therefore,  to  determine  the  exact  size  of  a  spot 
of  light.  It  was  felt  that  the  result  would  be  more  definite  if 
larger  dimensions  were  taken.  Consequently,  nine  lamps  having  a 
total  beam  candle-power  of  800  were  located  in  the  center 
of  the  experimental  sign  board.  They  were  mounted  in  a  square 
6  in.  each  way.  A  series  of  small  lamps  were  located  at  i-ft. 
intervals  on  a  horizontal  line  through  the  center  of  the  square. 
By  counting  the  small  lamps  not  obscured  by  the  spot.  It  was 
possible  to  estimate  the  size  of  the  spot  up  to  distances  of  a  mile 
and  a  quarter.  A  curve  showing  this  variation  is  given  in  Fig.  9. 
These  are,  so  far  as  is  known,  true  spot  sizes  for  the  one  con- 
dition, that  is  for  a  single  large  light  source  (made  up  of  nine 
lamps)  in  a  dark  sky. 

Test  No.  5— 

The  procedure  in  test  No.  4  could  not  be  applied  satisfactorily 
to  single  lamp  source  or  sources  of  lower  intensity,  so  the  fol- 
lowing plan  was  tried.  Along  the  parapet  of  the  building,  a 
row  of  very  low  intensity  light  sources  was  placed.  These  were 
spaced  on  six  inch  centers  and  extended  in  a  line  20  feet  long. 
At  a  distance,  they  had  the  appearance  of  a  dim  but  fairly  contin- 
uous reference  line.  On  the  frame  work  behind  the  parapet, 
by  means  of  a  rope  and  pulley,  the  light  source  under  test  was 
raised  and  lowered  according  to  signal  from  the  observer.  At 
a  point  where  the  middle  of  the  reference  line  seemed  to  become 
5 
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just  tangent  to  the  base  circle  of  the  spot,  the  light  source  was 
stopped  and  the  vertical  distance  between  the  reference  line  and 
the  center  of  the  lamp,  or  the  radius  of  the  spot  was  measured. 

By  means  of  this  procedure,  more  consistent  data  were  ob- 
tained.   The  shape  of  the  spot  size — distance  curves  was  the  same 
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Fig.  II.— Size  of  spots  of  lights  from  a  number  of  lamps  of  similar  construction  as 
measured  by  the  apparatus  described  in  Test  No.  5.  Readings  were  taken  at  700 
feet  and  the  background  field  was  comparatively  dark. 

as  of  those  in  the  previous  tests.  In  Fig.  ii,  the  variation  of 
spot  size  of  a  number  of  similar  lamps  with  varying  tip  candle- 
power  as  measured  in  this  way  is  given. 

Test  No.  6— 

That  the  spot  size  depends  also  upon  the  brightness  of  other 
objects  within  the  field  of  vision  would  be  expected  from  the  re- 
sultant change  in  the  condition  of  the  eye  and  this  effect  was  ob- 
served in  several  experimental  sign  tests.  Upon  two  particular 
occasions,  very  striking  illustrations  of  this  dependence  was  ob- 
tained. On  the  experimental  sign  board,  four  letter  N's  were 
erected.  These  letters  were  all  exactly  alike  and  quite  closely 
spaced.  They  were  4  ft.  high  and  contained  50-watt  "daylight" 
lamps,  that  is,  gas-filled  lamps  in  light  blue  bulbs.     At  1400  ft., 
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When  only  one  letter  was  lighted,  it  appeared  as  an  almost  soHd 
mass  of  hght ;  no  one  of  its  strokes  could  be  distinguished  from 
the  others.     When  the  two  outside  letters   were  lighted   their 
characters  became  vaguely  discernable.     When  all   four  letters 
were  hghted,  those  two  that  were  inside  were  quite  distinct  while 
the  outside  two  were  less  sharp  but  more  distinct  than  they  had 
been  before.     In  the  close  neighborhood  of  the  other  bright  ob- 
jects   the  spots  of  light  from  these  lamps  apparently   became 
smaller,  the  Imes  of  the  letters  narrower,  the  critical  dimensions 
greater  and  the  legibility  of  the  sign  was  increased.     It  has  been 
suggested  that  this  is  due  to  the  partial  closing  of  the  iris      To 
test  this  possibility,   when  only  one  letter  was  lighted,  a  fla^h 
lamp  was  held  in  front  of  the  observer's  eyes  and  moved  about 
so  that  at  times  it  was  entirely  out  of  the  field  of  vision  and  at 
others  he  saw  principally  the  flash-light  and  the  sign  was  seen 
through  a  very  heavy  halo.     There  was  no  apparent  increase  in 
legibility. 

Test  No.  7 — 

An  other  sign  (See  Fig.  10)  consisted  of  a  letter  "N"  of  50- 
watt  "day-light"  lamp,  30  in.  high  which  was  surrounded  by  a  5- 
ft.  circle  of  50-watt  gas-filled  lamp.  When  the  "N"  alone  was 
lighted,  it  appeared,  at  1500  ft.,  as  a  single  solid  spot  of  very  bright 
light.  When  the  circle  was  flashed  on,  the  letter  "N"  seemed  to 
emerge  through  the  spot  and  became  clearly  legible.  The  effect 
was  as  though  the  circle  had  dissolved  the  halation. 

Although  the  fact  that  the  apparent  size  of  a  spot  of  light 
from  any  light  source  and  the  width  of  the  line  of  light  from  a 
row  of  light  sources  are  increased  with  the  intensity  and  bright- 
ness of  the  light  sources  and  with  the  distance  at  which  they  are 
seen,  that  they  are  decreased  in  some  ratio  according  to  the  con- 
trast of  their  brightness  and  intensity  with  those  of  the  proxi- 
mate background  and  with  that  of  the  general  surrounding  field, 
that  they  vary  with  the  changes  in  atmosphere  and  the  color  of 
the  light,  is  indicated  in  these  tests,  there  are  yet  to  be  determined 
the  exact  laws  that  govern  these  variations  and  whether  any  other 
factors  enter  into  them. 
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Fig.  12.— The  relation  between  the  spot  diameter  and  the  angle  subtended  at  the  eye 
b}^  the  spot.  These  curves  represent  values  coming  within  and  below  the  range 
of  those  in  common  practice  in  electric  sign  lighting. 

A  more  exact  conception  of  the  variation  in  spot  size  may  be 
obtained  by  translating  these  sizes  into  angles  subtended  at  the 
eye.  Fig.  12  gives  a  typical  nest  of  curves  with  values  of  the 
general  order  obtained  in  the  tests  and  which  shows  the  relation 
of  the  size  of  spot,  distance  and  angle  at  the  eye.  The  curve 
that  is  marked  2  coincides  roughly  with  the  data  obtained  from  a 
gas-filled  lamp  the  tip  candle-power  of  which  is  125.  To  make 
this  visual  conception  complete  as  it  applies  to  electric  signs,  it  is 
necessary  to  remember  that  the  angle  at  the  eye  subtended  by  the 
top  and  bottom  lamps  of  a  letter  decreases  very  much  more 
rapidly  than  the  angle  of  the  spot  does  as  the  observer  moves 
away.  Thus  the  angle  of  the  spot  relative  to  the  angle  of  the 
sign  increases. 

All  of  the  analysis  thus  far  given  has  been  devoted  to  legi- 
bility at  the  limiting  distance,  directly  in  front  of  the  sign.  It  is 
quite  obvious  that  the  limiting  distance  of  legibility  in  any  other 
direction  will  be  less.  In  the  early  observations,  it  was  noted 
that  roughly  a  circle  tangent  to  the  front  of  the  sign  seemed  to 
bound  the  area  within  which  a  sign  was  legible.  Referring  again 
to  the  critical  dimension  of  the  sign  and  the  resolving  power  of 
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the  eye,  we  find  tliat  an  exact  circle  should  be  this  limiting  boun- 
dary.* 


Fig-  13.— lyegibility  circle. 

This  is  true  for  all  practical  cases,  but  it  is  based  upon  an 
assumption  that  the  width  of  the  line  of  light  from  a  row  of 
lamps  remains  the  same  when  it  is  viewed  in  other  than  a  direc- 
tion normal  to  the  sign  or  through  the  tips  of  the  lamps ;  or  that 

•  In  Fig.  13  the  point  O  represents  a  sign,  the  face  of  which  lies  in  a  plane  per- 
pendicular to  the  paper  and  through  line  a  O  b. 

"N"  represents  a  point  on  a  line  perpendicular  to  the  plane  of  the  sign   and  at 
the  limit  of  legibility. 

a  b  represents  the  critical  dimension  of  the  sign.     (It  is  drawn  large  for  graphi- 
cal clearness). 

Angle  a  N  b  is,  therefore,  one  minute  of  arc. 
O   R   is   any   other   line   through   O  and  in   the  plane   of   the   paper   and   angle 
is  the  angle  between  O  N  and  O  R. 

c  d  is  a  projection  of  a  b  upon  a  line  perpendicular  to  O  R  and  through  the  pointfO. 

If  R  is  on  a  circle  whose  diameter  is  O  N,  then 
and  O  R  =  O  N    Cos  I. 

and  c  d  =  ab    Cos  1, 

and  angle  a  N  b  is  similar  to  angle  c  R  d 

and  therefore  angle  c  R  d  one  minute  of  arc  and  R  is  at  the  limit  of  legibility 
of  a  sign  whose  critical  dimension  is  c  d.  This  being  the  same  dimension  as  a  b 
foreshortened,  it  is  the  critical  dimension  of  the  sign  in  the  direction  of  O  R  and, 
therefore  a  circle  bounds  the  area  of  legibility  of  a  sign. 
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the  candle-power  is  uniform  at  all  angles.  This  is  roughly  true 
for  all  but  the  smaller  lamps  now  used  in  signs.  In  as  far  as 
there  is  variation  from  equal  intensity  in  all  directions,  there  are 
slight  (but  by  no  means  proportional)  variations  in  the  form  of 
the  area  of  legibility. 

This  legibility  circle  is  the  area  in  which  the  sign  may  be 
effective.    Considering  it  as  an  exact  circle,  it  is  equal  to 

ZJ:L.=o.7S54V 
4 

where  L  is  the  limiting  distance  of  legibility  of  the  sign.     In  the 

small  sign  shown  in  Fig.  2,  L  is  actually  about  1300  ft.  and  the 

area  therefore  about  1,320,000  sq.  ft. 

It  has  often  been  observed  that  a  sign  with  a  characteristic 
border  or  pattern  will  have  apparently  a  circle  of  legibility  very 
much  greater  than  that  which  might  be  predicted  from  the  criti- 
cal dimension  of  the  wording.  Much  of  this  is  of  course  due  to 
the  characteristic  pattern  which  is  recognized  long  before  the 
lettering  can  be  read,  but  some  of  it  is  due,  as  was  seen  in  test 
No.  7  to  the  effect  of  the  border  in  removing  the  severe  contrast 
of  the  bright  lamps  in  the  letter  and  the  black  surrounding  field, 
so  that  the  lettering  itself  is  legible,  to  a  person  unfamiliar  with 
the  characteristic  border,  at  greater  distances  than  it  would  be 
were  there  no  border. 

The  limiting  distance  is  not  the  only  characteristic  of  legi- 
bility that  must  be  considered.  It  is  usually  desirable  that  the 
sign  be  easily  legible  over  a  considerable  range  of  intermediate 
distances.  It  requires  so  much  effort  to  read  many  signs  while 
they  are  still  very  close,  that  their  effectiveness  is  very  seriously 
reduced.  In  order  to  distinguish  between  the  legibility  which  is 
limited  by  the  distance  and  the  visual  acuity  of  the  observer,  and 
legibility  which,  well  within  the  maximum  distance,  is  limited  be- 
cause of  the  peculiar  construction  of  the  sign  or  the  selection  of 
the  light  sources,  this  phase  is  called  the  ease  of  reading,  in  con- 
tra-distinction  to  legibility  as  it  has  been  used  above. 

There  are  two  principal  factors  that  affect  the  ease  of  read- 
ing a  sign  without  altering  the  limit  of  its  legibility.  They  are  the 
finish  of  the  bulb  and  the  construction  of  the  metal  letter  which 
carries  the  lamps.     Diffusing  light  sources  are  used  principally 
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in  small,  low  hanging  signs,  with  two  objects  in  view;  the  first  is 
to  reduce  glare  and  the  second  is  to  produce  a  smoother  finish 
which  tends  to  make  legibility  easier.  This  is  true  especially  in 
narrow  trough  letter  signs.  If  the  lamp  is  clear,  at  the  shorter 
distances  its  spot  of  light  is  not  much  larger  than  the  filament 
size. 

The  part  of  the  letter  structure  in  which  the  lamp  sockets  are 
set  is  called  the  letter  face.  The  walls  about  the  lamps  are  called 
the  trough  sides.  The  letter  face  and  trough  sides  are  illuminated 
by  the  lamps;  but  even  with  the  best  reflecting  paint  their  bright- 
ness is  comparatively  low  in  contrast  with  that  of  the  light  sources 
The  area  of  the  face  and  trough  sides  is  great  and  when  the 
light  source  spots  are  small,  and  very  bright,  the  eflfect  is  very 
uneven  and  spotted.  When  the  lamp  has  a  diffusing  bulb  the 
spot  is  never  smaller  than  the  bulb  size,  the  intensity  is  very 
greatly  reduced,  the  ratio  of  dimly  lighted  letter  area  to  the  less 
intense  spots  is  reduced  and  the  effect  is  that  of  an  increased 
smoothness  and  an  increased  ease  of  reading. 

The  maximum  distance  at  which  diffusing  light  sources 
cease  to  aid  in  ease  of  reading  is  that  distance  at  which,  under  the 
conditions  in  question,  a  clear  glass  lamp  will  have  a  spot  of 
light  apparently  equal  in  size  to  the  diameter  of  the  bulb  At 
greater  distances  than  this,  the  only  difference  in  the  appearance 
of  a  clear  glass  and  a  diffusing  bulb  lamp  is  that  the  latter  has 
less  sparkle  or  "life;"  it  is  slightly  duller. 

The  last  factor  affecting  legibility  which  is  discussed  here 
IS  the  construction  of  the  letter  face  and  trough  sides.  The 
finish  or  construction  of  neither  the  trough  sides  nor  the  letter 
face  adds  to  the  limit  of  legibility  of  a  sign.  When  clean  and 
white  both  have  the  effect  of  making  legibility  easier  for  small 
signs  at  short  distances.  This  is  due  to  the  filling  up  of  the 
spaces  between  the  spots  of  light  with  a  white  line  not  as  light 
as  the  spot  but  considerably  whiter  and  brighter  than  the  back- 
ground. Their  chief  advantage  is  that  of  producing  a  smoother 
and  more  continuous  line,  a  sharper  cut  off  between  the  letter  and 
the  background. 

In  the  ordinary  construction  of  larger  signs,  the  trough  .ides 
have  httle  or  no  effect  on  the  legibility  of  the  letter.    At  all  ordi- 
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nary  distances,  the  width  of  the  Hne  of  Hght  from  the  spots  is 
greater  than  the  width  of  the  visible  Hne  of  reflected  light  on 
the  letter  face.  Except  at  angles  from  the  normal  so  great  that 
the  light  sources  are  hidden,  the  trough  sides  are  quite  invisible. 
The  distance  at  which  this  is  true  depends,  of  course,  upon 
the  brightness  and  intensity  of  the  light  sources,  their  spacing, 
their  light  distribution  and  the  whiteness  of  the  letter  face.  For 
any  given  size  of  lamp  and  spacing,  in  any  degree  of  surrounding 
illumination,  the  line  of  light  will  have  a  definite  width  when  seen 
at  a  given  distance.  If  the  light  distribution  is  such  as  to  throw 
a  large  part  of  the  light  back  into  the  trough,  the  line  of  reflected 
light  on  the  trough  will  be  wider  and  whiter  and  the  distance  at 
which  its  effect  will  be  visible  through  the  line  of  light  from  the 
sources  will  be  greater.  If  the  distribution  of  light  is  such  that 
a  smaller  part  is  thrown  back  into  the  trough  and  more  out 
through  the  tip,  the  distance  will  be  less  because  the  width  of 
the  line  of  spots  is  greater  and  the  reflected  light  line  narrower. 

In  small  signs,  seen  at  distances  less  than,  say,  300  ft.,  the 
trough  sides  prevent  the  light  from  the  lamps  in  the  sign  from 
illuminating  the  box  or  frame  work  on  which  the  letters  are 
mounted  and  in  this  way  they  make  a  sharper  contrast  between 
the  sign  letters  and  the  surrounding  background.  At  these 
short  distances,  where  the  width  of  the  line  of  light  is  not  a 
factor  and  the  only  question  is  one  of  ease  of  reading,  a  sharp 
contrast  aids  in  legibility. 

When  smaller  signs  are  made  without  a  trough,  it  is  neces- 
sary to  space  the  lamps  much  more  closely.  This  method  of 
construction  possesses  certain  advantages  over  the  trough  letter 
construction,  with  more  widely  spaced  light  sources.  The  sign 
collects  less  dirt  and  so  maintains  its  continuity  of  line  and  legi- 
bility much  longer.  When  a  troughed  letter  sign  with  only  three 
lamps  in  the  vertical  stroke  becomes  dirty,  so  that  the  spaces  be- 
tween the  spots  no  longer  are  materially  whiter  or  brighter  than 
the  illuminating  of  the  surrounding  objects,  (it  is  remarkable  how 
quickly  this  condition  occurs  in  some  cities)  the  sign  has  the 
appearance  of  a  more  closely  lamped  sign  with  all  but  three  of 
the  lamps  burned  out.  Such  signs  are  distinctly  unattractive  and 
often  scarcely  legible  at  any  distance. 
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The  chief  effect  of  a  white  letter  face  at  the  greater  distances, 
is  in  an  added  intensity  rather  than  a  greater  smoothness. 

This  does  not  mean  that  there  is  no  advantage  in  the  trough 
construction ;  there  is  a  very  great  advantage.  But  too  often,  the 
trough  is  rehed  upon  to  supply  too  much  of  the  light  of  the 
letter.  It  does  not  do  this.  Any  small  sign  built  without  troughs 
would  have  an  improved  appearance  at  the  shorter  distances  if 
troughs  were  added,  the  lines  would  be  more  solid  and  reading  at 
an  angle  would  be  rendered  more  easy  providing  the  trough  is 
clean  and  white.  When  the  lamp  spacing  in  a  troughed  letter 
sign  is  more  than  25  per  cent  greater  than  it  is  in  a  troughless 
raised  letter  sign,  the  appearance  is  less  satisfactory. 

The  attracting  power  of  an  electric  sign  presents  quite  a 
different  problem  to  the  designer.  Such  factors  as  location, 
competitive  signs  and  attractions,  average  speed  with  which  people 
pass,  and  the  very  nature  of  the  people  themselves  enter  into  the 
analysis.  All  of  these  variables  are  important  but  they  are  some- 
what beyond  the  scope  of  the  present  paper.  Of  the  factors 
we  have  discussed,  the  pattern,  its  size  and  shape,  is  important 
and  the  brightness,  intensity,  color  and  finish  of  the  light  sources 
also  play  their  part ;  attention  is  directed  here  especially  to  the 
effect  of  these  upon  the  attracting  and  selling  powers. 

For  the  maximum  of  legibility  it  was  found  that  a  very  low 
order  of  brightness  and  intensity  of  light  source  is  required.  On 
the  other  hand  the  attracting  and  selling  power  of  a  sign  in- 
creases with  the  brightness  and  intensity  of  the  sources,  and  there- 
fore to  have  great  attracting  power  a  higher  order  of  these  is 
demanded.  It  is  necessary  to  strike  a  balance  between  legibility 
and  attracting  power.  The  attracting  and  selling  powers  of  a 
sig^  are  of  great  importance  in  any  case ;  usually  they  are  valued 
more  highly  than  is  legibility.  For  many  signs  so  located  that 
legibility  at  great  distances  if  of  no  value  (either  they  are  hidden 
by  buildings  or  there  are  no  people  beyond  a  limited  distance  to 
read  the  sign)  the  legibility  circle  may  be  relatively  small,  making 
it  possible  to  have  a  considerably  greater  attracting  and  selling 
power.  It  is  this  fact  that  has  lead  recent  practice  to  adopt  larger 
light  units,  especially  the  blue  bulb  and  "daylight"  lamps,  whose 
whiter  light  gives  an  unique  sign  of  great  attraction. 
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As  commonly  used  in  exposed  lamp  electric  signs,  that  is, 
when  viewed  through  the  tips,  the  apparent  color  of  the  lamps 
(without  color  caps  )  as  they  progress  toward  the  brighter  and 
whiter  light  is  as  follows  : 


ist.  Vacuum  lamps  with  straight  filaments  2.5,  5  and   10 
watts. 

2nd.  Vacuum  lamps  with  coiled  filaments  25  and  50  watts. 

3rd.  Gas-filled  lamps  50,  75,  100  watts  and  greater. 

4th.  Vacuum  lamps  with  light  blue  bulbs  25  and  50  watts. 

5th.  "Daylight"  lamps  50,  75,  100  watts  and  greater. 


Although  the  spectral  character  of  light  from  lamps  of  the 
first  and  second  groups  is  substantially  the  same,  the  apparent 
difference  in  color  is  materially  greater  than  that  between  lamps 
of  equal  wattage  in  the  second  and  third  groups  or  in  the  fourth 
and  fifth  groups.  This  apparent  difference  in  color  no  doubt 
results  from  the  factor  of  difference  in  brightness  and  intensity 
of  light  sources. 

When  viewing  at  a  short  distance  two  signs  in  which  one 
has  lamps  from  group  two  and  the  other  from  group  three  or 
from  groups  four  and  five,  but  of  the  same  wattage,  the  chief 
difference  between  them  is  that  a  certain  luster  and  sparkle  or 
"life"  seen  in  the  gas-filled  lamp  sign  is  lacking  in  the  other.  At 
all  except  the  greater  distances,  or  where  the  signs  are  very 
widely  separated,  a  small  difference  in  color  is  also  visible.  If 
the  signs  are  farther  away,  this  difference  becomes  less  notice- 
able. 

To  make  some  sort  of  definition  for  this  difiference,  two 
groups  of  lamps  were  set  up  and  observed  at  various  distances. 
Each  group  contained  20  lamps,  spaced  on  ii-in.  centers  in  two 
rows  of  ten  each  and  the  groups  were  set  70  ft.  apart.  At  the 
greater  distances  they  appeared  as  single  spots  and  as  such,  the 
difference  could  be  detected  in  the  size  of  the  spot,  when   it 


ENGINEERING  FACTORS  IN  ELECTRIC  SIGN  DESIGN  413 

could  not  be  seen  in  the  color.  Such  differences  were  over- 
looked. To  classify  the  color  differences,  five  standards  were 
assumed  as  follows : 

A.  Meaning  no  observable  difference. 

B.  Meaning  a  difference  so  slight  that  after  looking  at  the 
two  spots  a  moment  no  difference  could  be  detected  but 
by  resting  the  eyes  a  moment,  the  difference  was  again 
seen. 

C.  Meaning  a  difference  at  all  times  noticeable  but  so  slight 
that  if  only  one  had  been  lighted  and  it  was  known  to 
be  one  of  the  two,  it  would  have  been  difificult  for  any- 
one except  an  expert  to  tell  which  was  lighted. 

D.  Meaning  difference,  clear  and  distinct,  but  not  enough 
to  have  any  value  in  advertising,  as  for  example  (if  it 
could  be  done)  the  use  of  both  lamps  in  the  same  sign 
to  illustrate  different  things. 

E.  Meaning  difference  very  great.  Great  enough  to  have 
contrast  value. 

Observations  were  made  at  three  points.  At  the  first  point, 
700  ft.  from  the  sign,  all  of  the  differences  came  in  classes  C, 
D  and  E.  At  the  second  point  which  was  three  quarters  of  a 
mile  away,  the  differences  were  somewhat  less,  as  follows : 
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Vacuum  lamps.  Gas-filled  lamps. 
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At  one  and  one  quarter  miles,  the  difference  became  still  less 
marked  as  follows : 
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As  the  distance  to  the  observer  is  increased,  the  differences 
in  color  are  diminished.  From  other  tests,  however,  it  is  known 
that  the  color  dilYerences  become  more  apparent  as  the  size  of 
the  s\gn  and  the  number  of  the  lamps  are  increased.  At  three 
quarters  of  a  mile,  in  a  sign  containing  300  lamps  when  equipi>ed 
alternatively  with  50-watt  vacuum  light  blue  glass  and  50-watt 
"daylight"  lamps,  the  ditYerence  was  of  the  D  class  instead  of 
the  B  class  as  shown  in  the  table  for  the  20  lamps. 

APPLICATIONS 

There  are  a  number  of  practical  applications,  mention  of  a 
few  of  which  will  tend  to  summarize  the  principles  discussed  in 
this  paper. 

No.  I — The  most  direct  application  is  found,  of  course,  in 
the  spot  size  data.  For  example,  a  100- watt  lamp  has  an  appar- 
ent spot  size  of,  say,  90  in.  when  viewed  at  a  distance  of  three 
quarters  of  a  mile.  This  size  will  be  reduced  (the  factor  is  not 
yet  determined)  in  some  relation  to  the  number  of  lamps  in  the 
sign,  the  area  of  the  sign,  the  relative  brightness  of  the  surround- 
ings and  background,  etc. ;  it  may,  for  example,  be  60  in.  under 
the  specific  conditions.  If  a  sign  is  to  be  designed  then,  for 
reading  at  that  distance  and  lOO-watt  lamps  are  to  be  used,  it  is 
obvious  that  the  designer  must  make  up  the  pattern  on  the  assump- 
tion that  the  finest  line  that  will  be  distinguishable  will  be  60  in. 
wide. 

No.  2 — In  the  test  which  was  conducted  to  determine  the 
effect  of  other  letters  upon  the  legibility  of  any  one  letter,  it  was 
found  that  larger  lamps  could  be  used  and  maintain  the  same 
legibility,  when  the  sign  was  large.  In  this  way  the  attracting 
and  selling  power  of  that  sign  might  have  been  increased.  If 
the  sign  had  been  smaller,  which  is  the  equivalent  to  saying  that 
had  there  been  two  letters  N  instead  of  four,  smaller  lamps 
would  have  been  needed,  lest  the  legibility  were  seriously  reduced. 

No.  3 — Or  again,  a  different  application  of  the  same  fact 
and  one  which  the  letter  N  in  the  circle  sign  of  Fig.  10  illus- 
trates, it  might  be  found  of  some  sign  which  was  so  small  that 
when  brighter  lamps  were  installed  to  increase  the  attractive 
power  the  legibility  was  greatly  reduced,  that  a  border  of  bright 
lamps  might  restore  the  range  of  legibility. 
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No.  4 — Many  applications  of  the  increased  range  of  legibility 
with  decreasing  brightness  can  be  found.  One  of  these  was 
actually  tried  and  found  to  be  highly  successful.  A  sign  was 
built,  in  which  the  lamp  spacing  was  made  purposely  small.  The 
letter  spacing  was  also  small  and  the  letters  were  of  the  solid 
massed  type.  High  wattage  "Daylight"  lamps  were  used.  The 
result  was  a  tremendous  blaze  of  light.  It  was  very  strongly  at- 
tention compelling,  but  as  was  expected,  its  range  of  legibility  was 
comparatively  short,  far  below,  perhaps  not  a  quarter  of  what  a 
simple  single  line  letter  sign,  equipped  with  lo-watt  lamps  would 
give.  In  cycles  of  about  lo  seconds,  this  sign  was  dimmed,  by 
means  of  rheostats  until  it  was  black  and  then  brought  up  again 
to  its  full  brilliancy.  The  effect  was  remarkable.  When  seen 
at  distances  very  nearly  up  to  the  theoretical  maximum  for  the 
center  line  critical  dimension  of  the  sign,  it  appeared  like  a  search 
light  sweeping  the  ground.  The  observer  looked  and  saw  nothing 
but  a  huge  spot  of  intensely  bright  incandescence.  But  as  he  stood 
looking  at  it,  it  grew  dimmer,  less  white  and,  depending  upon 
where  he  was,  at  some  time  in  the  cycle,  the  lettering  began  to 
take  shape,  to  come  first  dimly  and  then  strongly  through  until 
at  last  it  stood  out  sharp  and  clear  and  distinctly  legible  and  then 
slowly  disappeared  like  the  finest  of  red  ink  lines  on  a  very  black 
sky.  Such  a  sign  has  the  maximum  of  attractive  power  so  far 
as  bright  light  sources  can  attain  this,  and  at  the  same  time  the 
greatest  circle  of  legibility  or  effectiveness  and  has  too  an  unique 
and  fascinating  appearance  of  slow  movement  and  rhythm. 

DISCUSSION 

A.  H.  Ford  :  I  have  been  much  interested  in  this  paper, 
because  the  author  draws  the  same  conclusions  from  his  large 
scale  experiments  that  I  drew,  in  a  paper  presented  to  the  society 
in  1914,  from  some  small  scale  experiments.  While  he  has  made 
the  apparent  size  of  the  lamp  his  basis  for  calculation  I  made  the 
visual  acuity  for  bright  lines  on  a  dark  background  the  basis  for 
calculation.  When  using  the  visual  acuity  figure  as  given  in  the 
text  books  (one  minute  of  arc)  one  must  remember  that  this  figure 
is  for  black  lines  on  a  white  background.  It  will  therefore  not 
apply  to  signs  composed  of  incandescent  lamps. 
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I  would  suggest  eye  fatigue  is  the  cause  of  the  seventy  five 
watt  lamp  giving  the  larger  apparent  spot  size  than  the  one 
hundred  watt  lamp. 

Louis  Bell  :  This  paper  is  interesting  from  the  stand- 
point of  physiological  optics.  It  is  strictly  a  matter  within  the 
field  of  physiological  optics  rather  than  illumination,  as  such. 
The  thing  I  wish  to  call  attention  to  particularly  is  the  vast  differ- 
ence in  visibility  between  a  line  whether  or  not  made  up  of  units 
which  are  inside  the  limit  of  visual  acuity,  and  the  ordinary  data 
which  are  given  for  the  visibility  of  separate  objects. 

I  happen  to  have  tried,  about  a  year  ago,  a  lot  of  experiments 
on  visibility  of  bright  lines  with  the  somewhat  astonishing  result, 
that  you  can  see  a  bright  line  against  a  black  background  down 
to  a  fineness  which  is  enormously  less  than  the  ordinarily  assumed 
value  would  be. 

A  bright  line,  on  a  dark  background  is  visible  down  to,  at 
a  pinch,  below  one  second  of  arc  if  the  brightness  is  considerable. 
You  can  catch  a  glimpse  from  a  bright  wire  stretched  on  a  dark 
field  down  well  below  one  second  of  arc  in  width,  and  allowing  a 
large  factor  of  safety  there,  you  can  make  a  line  perfectly  visible 
down  very  far  below  one  minute  of  arc. 

On  the  other  hand,  as  has  just  been  pointed  out,  the  separation 
that  you  can  distinguish  is  quite  another  matter.  To  see  two 
points  as  separate  you  need  a  good  deal  more  than  the  distance 
required  to  distinguish  a  line,  and  I  think  \ery  much  of  the  trouble 
in  electric  signs  has  come  from  failure  to  recognize  that  fact, 
and  using  too  bright  lamps  with  the  idea  that  they  become  more 
visible  as  they  are  brighter  instead  of  which  they  often  are  very 
much  less  visible.  The  difference  is  astoundingly  great,  and  of 
course  as  the  previous  speaker  remarked,  there  is  a  unit  of  separa- 
tion due  to  the  size  of  cones  in  the  eye  beyond  which  you  can't 
go,  and  furthermore,  as  you  go  further  and  further  away  from  the 
lamp,  the  image  gets  smaller  and  smaller,  and  you  don't  have 
very  much  effect  on  the  visibility  after  you  reach  a  certain  point, 
but  the  difference  between  distinguishing  two  separate  objects  and 
appreciating  the  width  of  an  illuminated  line  is  astoundingly  great 
and  ought  to  be  taken  into  account. 
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A.  H.  Taylor:  Irradiation  is  undoubtedly  the  true  explana- 
tion of  many  of  the  observed  phenomena,  for  examjile  the  greater 
legibility  of  the  letter  N  when  surrounded  by  a  circle  of  lamps 
than  when  seen  alone. 

I  would  like  to  ask  whether  the  author  has  yet  made  a 
similar  investigation  of  colored  light,  to  determine  whether  certain 
colors  may  be  more  easily  resolved  than  others  under  similar 
conditions. 

C.  A.  AtiiErton  :  I  am  very  much  interested  in  the  sugges- 
tion Prof.  Ford  makes  that  it  was  eye  fatigue  which  made  the 
size  of  spot  from  the  largest  light  source  appear  to  be  smaller  than 
the  spots  from  light  sources  of  intermediate  sizes.  We  also  felt 
that  this  might  be  caused  by  eye  fatigue  in  some  of  our  earlier 
tests  and  took  great  pains  to  determine  whether  this  was  so.  The 
procedure  at  first  was  indentical  night  after  night  in  that  we 
worked  with  the  less  intense  light  sources  early  in  the  evening 
and  with  the  more  intense  light  sources  later.  When  we  con- 
sistently found  that  a  smaller  spot  was  obtained  with  the  largest 
lamps,  we  tried  reversing  the  procedure,  working  wdth  the  larger 
ones  early  in  the  evening  and  the  smaller  ones  later,  but  without 
appreciably  affecting  the  relative  sizes  of  spots  obtained.  We  also 
tried  to  eliminate  eye  fatigue  by  having  two  observers  alternate, 
the  one  closing  and  resting  his  eyes  while  the  other  made  readings. 
Then  for  comparative  purposes  we  had  a  single  observer  make 
readings  consecutively  all  of  the  evening.  These  readings  were 
taken  at  the  rate  of  about  three  a  second  and  in  series  of  12  to  18, 
after  which  a  new  light  source  was  substituted.  In  all  of  this 
work  we  were  unable  to  find  any  effect  of  eye  fatigue  other  than 
that  the  divergence  of  readings  always  increased  as  the  evening 
became  late. 

I  am  very  sorry  to  have  to  reply  to  Mr.  Taylor's  question 
negatively.  We  have  not  as  yet  worked  with  color  light  sources 
at  all. 
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COLOR  TEMPERATURE  AND  BRIGHTNESS  OF 
\ARlOUS   ILLUMINANTS* 


BY   EDWARD  V.    IIVDK,  AND   W.    E.   FORSYTHE** 


Quality  of  Light — The  quality  of  light  has  become  an  im- 
portant factor  in  illumination  design.  Physicists  have  long  been 
interested  in  the  distribution  of  energy  emitted  by  radi.int 
sources,  but  it  has  only  been  within  the  last  ten  years  that  the 
quality  of  light  has  been  accorded  an  important  place  in  illumina- 
tion design,  and  that  methods  of  evaluating  it  have  been  de- 
veloped. 

In  1908  Wood  well  and  one  of  the  present  authors^  con- 
ducted a  series  of  tests  on  a  Moore  tube  installation  in  the  New 
York  City  post  office  which  included  a  study  of  the  color  of  the 
light.  Shortly  before  this  time-  F.  E.  Ives  had  invented  a  colori- 
meter for  testing  the  color  of  papers,  fabrics  and  other  reflect- 
ing media,  and  it  occurred  to  one  of  the  authors  that  this  in- 
strument might  be  employed  to  determine  the  color  of  the  Moore 
light  as  installed.  In  order  to  obtain  as  trustworthy  results  as 
possible  F.  E.  Ives  was  requested  to  make  the  color  tests  with 
his  own  instrument,  probably  the  first  test  of  the  kind  that  had 
ever  been  made.  Unfortunately  the  conditions  of  the  tests  were 
not  satisfactory  and  the  original  results  were  subject  to  some 
modification  in  consequence  of  a  subsequent  series  of  tests  by 
H.  E.  Ives,^  at  that  time  a  member  of  the  staff  of  the  Nela  Re- 
search Laboratory. 

There  followed  rapidly  the  investigation  of  the  quality  of 
light  of  various  illuminants  by  H.  E.  Ives  and  others,  employing 
the  colorimeter  as  the  measuring  instrument.  Subsequently  a 
different  type  of  colorimeter  was  developed  by  Nutting/  and 
the  application  of  color  measurements  gradually  became  general. 

•A  paper  presented  at   the  Annual   Convention  of  the    niuminating  Engineering 
Society,  Rochester,  X.  Y.,  September  26-29,  ivyji. 

•*Kela  Research  Laboratories.  National  Lamp  Works  of  G.  E.  Co.,  Cleveland,  O. 
•Hyde  &  Woodwell,  Tkaks.  I.  E.   S.  4,  871,   1909. 
-Journal  Fratlklin  Inst.  164,  47,   1907. 
»Traks.  I.  E.  S.  3,  627,   1908. 
*Bullctin  B.  of  Stds.  9,   1,   19:3. 
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The  quality  of  light  as  evaluated  by  means  of  a  colorimeter 
is  expressed  in  terms  of  the  per  cent  of  red,  green  and  blue  light 
as  compared  with  some  accepted  daylight  standard.  This  meas- 
urement gives  valuable  information,  but  to  the  uninitiated  the 
interpretation  of  the  results  is  difficult,  indeed  in  some  regards 
more  difficult  than  the  interpretation  of  a  spectrophotometric 
curve  of  the  source,  and  even  to  the  few  who  are  reasonably 
familiar  with  such  measurements  the  complex  methods  of  stat- 
ing the  results  is  not  entirely  satisfactory.  However,  were  most 
of  the  common  light  sources  so  distinctly  selective  in  their  radia- 
tion as  the  Moore  nitrogen  tube,  the  colorimeter  method  would 
still,  quite  probably,  be  the  best  method  available  for  determining 
the  color  of  the  integral  light,  though  supporting  evidence  from 
a  determination  of  the  spectro-photometric  curve  would  be  neces- 
sary for  the  complete  interpretation  of  the  results.  But  the  for- 
tunate circumstance  that  the  great  majority  of  illuminants  in 
common  use  radiate  nearly,  if  not  quite  like  a  black  body,  with 
respect  to  the  distribution  of  energy  in  the  spectrum,  makes  pos- 
sible the  use  of  another,  and  in  many  respects  much  more  satis- 
factory, method  of  measuring  and  expressing  the  quality  of  liglit 
of  illuminants.  A  brief  discussion  of  this  method,  and  a  sum- 
mary of  results  obtained  with  it,  constitute  the  subject  matter 
of  this  paper. 

The  method  emplo3^ed  in  determining  color  temperature  has 
been  described  in  such  detail  in  various  papers^  from  the  Nela 
Research  Laboratory  that  only  a  very  brief  summary  need  be 
included  here.  It  rests  on  the  fact  that  the  quality  of  light  emit- 
ted by  a  black  body  is  a  unique  function  of  its  temperature.  As 
the  temperature  is  raised  the  emitted  light  passes  from  a  reddish 
color  to  more  nearly  white,  until  at  the  temperature  of  approxi- 
mately 5600°  K.  it  matches  sunlight  in  color.  Therefore,  for  any 
illuminant  which  emits  energy  in  the  visible  spectrum  so  dis- 
tributed that  it  corresponds  to  that  of  a  black  body  at  some 
temperature,  it  is  possible  to  determine  this  temperature  of  ap- 
proximately equal  energy  distribution,  or  color  match,  which 
temperature  so  determined  is  the  color  temperature  of  the  source. 

'Astro.  Phys.  Journal  38,  89,   1912. 


COLOR  TEMPERATURE  4^1 

The  procedure  of  this  determination  is  simple  and  readily 
applied  in  any  photometric  laboratory,  if  a  standard  electric  in- 
candescent lamp  with  known  color  temperature  scale  is  avail- 
able. It  consists  in  placing  the  test  lamp  on  one  side  of  a  photom- 
eter (using  preferably  the  Lummer-Brodhun  contrast  photom- 
eter, because  of  its  color  sensibility)  and  adjusting  the  voltage 
of  an  electric  comparison  lamp  situated  at  the  other  end  of  the 
photometer  bar  until  the  two  fields  as  seen  in  the  photometer 
are  of  the  same  color.  This  setting  is  made  most  accurately  if, 
when  the  voltage  is  changed,  the  photometer  is  moved  so  that 
a  photometric  balance  is  maintained.  The  test  lamp  is  then  re- 
placed by  the  standard  lamp  with  known  voltage-color  tempera- 
ture scale  and  the  voltage  of  the  standard  lamp  is  adjusted  until 
there  is  again  a  color  match  with  the  comparison  lamp  main- 
tained at  the  voltage  determined  in  the  first  part  of  the  experi- 
ment. From  the  calibration  curve  of  the  standard  lamp  the  color 
temperature  corresponding  to  the  observed  voltage  may  be 
read,  which  is  the  color  temperature  of  the  test  lamp. 

The  calibration  of  the  standard  lamp  must  ultimately  be 
obtained  through  comparison  with  a  black  body,  but  this  has 
already  been  done^  for  both  tungsten  and  carbon  lamps  and  the 
results  published  in  form  convenient  for  use. 

By  the  determination  of  color  temperature  a  number  is 
given  to  express  the  quality  of  light  of  those  sources  to  which 
the  method,  as  presented  thus  far,  applies.  A  comparison  of  the 
color  temperatures  of  some  of  the  common  illuminants  will 
illustrate  the  simplicity  and  significance  of  this  method.  Thus  the 
color  temperature  of  the  ordinary  sperm  candle  is  1930°  K., 
that  of  the  4-watt-per-candle  carbon  lamp  2080°  K.,  that  of  the 
1.25  w.  p.  c.  vacuum  tungsten  lamp  2400°  K.,  that  of  the  500- watt, 
0.72  watt-per-spherical-candle  tungsten  lamp  2880°  K.,  and  that 
of  the  sun  as  observed  at  the  earth's  surface  5600°  K.  With  a 
few  such  fixed  points  in  mind  one  may  readily  place  any  illumi- 
nant  in  regard  to  the  quality  of  its  light  if  its  color  temperature 
is  given.  The  above  illustration  shows  how  large  the  gap  is  be- 
tween the  color  of  the  light  of  even  the  most  efticient  tungsten 
lamp  and  that  of  sunlight,  as  compared  with  the  much  smaller 

*Phys.  Rev.  N.  S.  10,  395.  19 « 7- 
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differences  between  the    various    common    illuminants    of    the 
present  and  the  near  past. 

The  method  of  obtaining  color  temperatures  as  outHned 
above  is  restricted  to  those  illuminants  which  may  be  color- 
matched  with  a  black  body  at  some  temperature.  It  does  not 
apply  to  illuminants  so  selective  in  their  radiation  that  a  color 
match  with  a  black  body  may  not  even  be  approximated,  nor  to 
those  illuminants  operating  at  temperatures  higher  than  those 
available  in  black-body  electric  furnaces.  The  color  temperatures 
of  the  latter  class  may  theoretically  be  determined  in  any  one  of 
three  ways : 

1.  From  spectrophotometric  comparison  with  a  black  body, 
or  vv^ith  a  color-standardized  lamp,  and  computation  of  color 
temperature  from  known  black  body  radiation  laws; 

2.  From  pyrometric  determination  of  the  relative  bright- 
ness in  two  wave-lengths  near  the  ends  of  the  spectrum ; 

3.  From  the  use  of  a  suitably  calibrated  blue  screen,  or  other 
suitable  screen,"  m  conjunction  with  the  black  body  or  color- 
standardized  lamp. 

These  means  of  determining  the  color  temperature  of  high 
temperature  sources  of  the  black  body  type  might  appear,  at 
first  sight,  so  complicated  as  to  vitiate  the  entire  scheme  of  using 
color  temperature  as  an  index  of  the  quality  of  light,  but  a  little 
consideration  will  show  that  they  constitute  no  real  restriction 
on  the  use  or  value  of  the  method.  For  all  ordinary  sources 
of  the  black  body  type  the  color-standardized  tungsten  lamp  is 
quite  sufficient  to  make  determinations  of  color  temperature  and 
for  any  new  sources  of  higher  color  temperature  which  may  be 
developed  the  scale  may  readily  be  extended.  These  then  in 
turn  may  be  employed  as  standards  to  give  the  higher  points  on 
the  scale.  For  such  extremely  high  color  temperatures  as  those 
of  the  sun  the  ordinary  experimenter  has  no  occasion  to  make 
color  temperature  measurements.  He  desires  to  know  merely 
where  they  come  on  the  scale,  and  their  color  temperatures  may 
be  determined  once  for  all  in  a  physical  laboratory  using  some 

''Priest  Journal  Optical  Soc.  S,   178,   1921. 
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one  of  the  more  complicated  methods.  The  color  temperature  of 
the  sun  jjiven  in  this  paper  was  determined  by  means  of  calcula- 
tions using  Abbot's**  data. 

The  principal  difficulty  in  the  universal  application  of  the 
method  of  color  temj^eratures  is  to  be  found  in  connection  with 
illuminants  which  are  not  of  the  black  body  class,  but  which 
rather  radiate  so  selectively  that  a  color  match  with  a  black  body 
may  not  even  be  approximated.  Fortunately  the  number  of  these 
illuminants  is  not  great,  and  the  very  fact  that  they  do  not  lie 
on  the  black  body  scale  of  color  temperature  is  sufficient  reason 
to  accord  them  special  treatment  in  each  case.  There  are,  of 
course,  varying  degrees  of  selectivity  to  be  found  in  the  different 
kinds  of  such  illuminants,  from  the  incandescent  gas  mantle 
which  exhibits  a  continuous  spectrum  with  only  relatively  slight 
departure  from  the  spectral  energ}'  distribution  of  a  black  bodv 
to  the  mercur)'  vapor  arc  which  emits  all  its  energ}-  (in  the 
visible  spectrum)  in  a  few  very  narrow  spectral  bands,  and  which 
has  an  integral  color  quite  different  from  that  of  a  black  body 
at  any  temperature. 

For  such  sources  as  the  mercury  vapor  arc  the  only  infor- 
mation of  significant  value  must  be  obtained  from  a  study  of  the 
spectro-photometric  curve  of  the  source,  for  whatever  its  integral 
color  may  be  the  distortion  of  the  color  of  objects  illuminated 
depends  entirely  on  the  location,  number  and  intensity  of  the 
bright  lines  in  its  spectrum.  It  is  for  the  other  class  of  selectively 
radiating  illuminants  such  as  the  gas  mantle,  which  exhibit  a 
continuous  spectrum  though  somewhat  distorted  with  respect  to 
a  black  body,  that  a  modification  of  the  method  of  color  tem- 
perature is  desired  in  order  to  locate  them  on  the  same  scale, 
by  determining  in  some  way,  if  possible,  how  to  express  their 
divergence. 

A  method  of  doing  this  has  suggested  itself  to  the  authors, 
but  further  experimentation  is  necessary'  before  its  practicability 
may  be  determined.  This  suggested  method  consists  in  detennin- 
ing  the  necessary  amount  of  red  or  green  or  blue,  or  of  any  two 
of  these  which  when  added  to  the  integral  illumination  from  a 
lamp  of  some  properly  determined  color  temperature  will  pro- 

^Amnals  Astrophysieal  Obsetvatory  3,  197. 
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diice  an  illumination  of  the  same  color  as  that  given  by  the  source 
under  investigation.  If,  for  example,  the  quality  of  light  from 
the  ordinary  gas  mantle,  which  is  slightly  greenish  in  color,  could 
be  expressed  as  having  a  color  temperature  of  x°  K.  -f-  y  P^r  cent 
of  a  standard  green  light,  a  unique  evaluation  of  the  quality  of 
the  light  from  the  mantle  would  be  secured,  and  at  the  same 
time  its  divergence  from  the  black  body  scale  would  be  given. 

The  authors  have  not  yet  had  an  opportunity  to  test  fully 
the  practicability  of  this  method,  though  the  work  done  gives 
promise  of  some  success.  But  whether  or  not  such  selectively 
radiating  illuminants  as  the  gas  mantle  may  be  brought  onto  the 
same  scale  as  that  which  is  used  for  illuminants  lying  on  the  black 
body  scale,  the  value  of  the  latter  for  the  great  number  of  cases 
to  which  it  is  applicable  is  in  no  way  vitiated. 

Brightness. — Making  use  of  the  color  temperature  and  the 
brightness  temperature  the  brightness  of  the  different  radiators 
may  be  calculated.  The  distribution  of  energy  in  the  visible 
spectrum  of  a  source  whose  color  temperature  is  T^  is  given 
by  Wien's  equation 

A, 

where  the  added  factor  K^  corresponds  in  some  respects  to  an 
emissive  power.  For  the  substances  investigated,  K^  is  less  than 
unity,  that  is,  when  the  source  investigated  is  color  matched 
with  the  black  body  it  is  less  bright  than  the  black  body.  From 
the  equation  it  can  be  seen  that  the  ratio  of  brightness  for  any 
wave-length  interval  or  for  the  total  radiant  flux  for  the  black 
body  at  temperature  T  and  the  source  being  investigated  at 
color  temperature  T^,    is  given  by  i/K^ 

The  value  of  K^  can  be  found  from  the  color  temperature 
and  the  brightness  temperature  as  follows : 

C2  log  e    (I  I   ) 

Using  the  value  of  K^  thus  obtained  and  the  known  values 
of  the  brightness  of  the  black  body  at  temperature  T^,    the  bright- 
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nesses  of  the  different  sources  were  computed  and  are  given  in 
Table  i. 

Results. — In  Table  i  are  given  the  color  temperatures  of  a 
number  of  illuminants  lying  on  or  very  nearly  on,  the  black  body 
scale  of  color.     Several  of  these  illuminants  have  been  arranged 
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Plot  of  Color  Temperature  of  Various  niuminants 

on  a  plot,  the  ordinates  of  which  are  black  body  color  tempera- 
tures, and  the  abscissae,  for  want  of  a  better  scale,  are  plotted 
as  relative  ratios  of  the  blue  (A  =  0.465)  to  the  red  (A  =  0.665). 
The  wave-lengths  chosen  are  those  corresponding  to  the  blue  and 
red  glass  screens  respectively  used  with  the  optical  pyrometer  in 
determining  the  color  temperatures  of  sources  of  very  high  color 
temperature  such  as  the  sun  as  described  in  a  previous  paragraph. 
This  curve  shows  the  increase  in  color  temperature  with  the  in- 
crease in  efficiency  of  the  various  light  sources.  It  also  shows 
the  wide  gulf  between  the  most  efficient  incandescent  lamp  and 
the  sun. 
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The  table  of  color  values  given  is  not  intended  to  be  com- 
plete but  contains  only  the  data  which  the  authors  already  had 
available.  It  is  expected  that  data  on  several  additional  sources 
which  fit  the  black  body  scale  will  be  added  to  the  table  in  the 
near  future.  It  is  also  planned  to  investigate  some  of  the  sources 
that  do  not  lie  on  the  black  body  as  seen  by  the  method  outlined 
above. 

TABLE  I.    Color  Tempbrature,  Brightness  Temperature, 
AND  Brightness  of  Various  Illuminants. 

Brightness 


Source 


S  (A.=.665) 


2160 


Gas  flame* 

Batswing 

Candle  shape  about 
10  cms.  high 
Hefner  as  a  whole 
Candle 

Sperm 

Paraffin 
Pentane" 

lo-cp.  std. 
Kerosene 

Flat  wick 

Round  wick 
4  w.  p.  c.  carbon 
3.1  w.  p.  c.  treated  carbon 
2.5  w.  p.  c.  gem 
2  w.  p.  c.  osmium 
2  w.  p.  c.  tantalum 
Acetylene  as  a  whole^ 

One   spot' 

Mees  burner 
1.25  w.  p.  c.  tungsten 
2.3  w.  p.  c.  Nernst 
Sun* 

Outside  atmosphere 

At  earth's  surface 
'Coal  and  water-gas  mixture,  approximately  600  B 
''Color  matched  by  Bureau  of  Standards. 
^Burner    (no   reflector)    from   auto   headlight   "prest-o-lite." 
■'Calculated  from  Abbot's  data. 

Table  II.    Color  Temperature  and  Efficiency 

OF 

Various  Types  of  Tungsten  Lamps. 


Lamp 

40- watt  Type  B   (vacuum) 
100- watt  Type  C  (gas-filled) 
500-watt  Type  C    (gas-filled) 
looo-watt   Type   C  (gas-filled) 
looo-watt  stercopticon 
900- watt  movie 


1875 

1880 

1930 

192s 

1920 

2055 

1500 

1.27 

1920 

1530 

I-5I 

2080 

2030 

54-9 

2165 

206s 

70.6 

2195 

2130 

78.1 

2185 

2035 

60.8 

2260 

2000 

53.1 

2380 

2465 

1660 

6.69 

2360 

1730 

10.8 

2400 

2150 

125.0 

2400 

2320 

258.0 

6500 

224000 

5600 

165000 

Specific  out 
Lumens  per 

-put 
watt 

Color  temperature 

lO.O 

2500 

12.6 

17.4 
20.3 

2740 
2880 
2985 

24.2 

3175 

27-3 

3220 
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These  temperatures  are  based  upon  the  assumption  of  Wien's 
equation  with  c,  taken  as  14330  fi  degrees  and  upon  tlie  melting 
point  of  gold  taken  a.s  1336°  K.  On  this  scale  the  melting  point 
of  palladium  has  been  found  to  be  1828°  K.  For  convenience  in 
the  calibration  of  optical  i)yrometers,  a  black  body  held  at  the 
melting  point  of  palladium  is  used  as  the  point  of  reference. 


DISCUSSION 

E.  L.  Nichols:  Mr.  Chairman,  Gentlemen,  this  paper  has 
interested  me  very  mucli  because,  as  some  of  you  know  per- 
haps, I  was  delving  in  this  direction,  more  or  less  blindly  a  quarter 
of  a  century  ago,  making  various  attempts  to  obtain  some  sort  of 
a  relationship  between  color  and  temperature  at  a  time  when 
such  things  were  not  yet  standardized. 

We  did  not  know  even  approximately  the  temperatures  of 
lamp  filaments. 

At   present   the   relationship   is   sufficiently   definite    for  all 
those  light  sources  with  which  Dr.  Hyde  proposes  to  deal ;  leaving 
out  of  account  vacuum  tubes  and  the  like.     It  is  a  ver>'  useful 
suggestion  and  it  occurs  to  me  that  it  might  even  be  possible  to 
educate  the  public  to  a  perception  of  the  color  corresponding 
to  temperatures   by  the   use  of   some   scheme  of   graded   tints 
running  from  a  dull  red  to  the  full  white  corresponding  to  sun- 
light, with  the  temperatures  indicated  along  side.     It  would  be 
something  like  the  color  scales  used  in  tempering  iron  before 
the  days  of  the  optical  pyrometer.    A  projection  scheme  would  be 
still  more  eflfective  since  one  can  get  screens  to  produce  with 
some  exactness  the  colors  of  our  various  illuminants  so  that  they 
could  be  brought   into  comparison   with   the   light   obtained   by 
using  a  good  daylight  filter.    Thus  the  black  body  temperature  of 
candle  light  or  of  the  W'elsbach  burner  or  of  the  acetylene  flame 
would  soon  become  a  number  designating  its  color  and  this  would 
soon  suggest  the  corresponding  color  sensation  to  the  mind  even 
of  lay  men.    I  think  that  at  present  even  the  illuminating  engineer 
needs  to  have  his  color  sense  trained  so  that  temperature  will 
convey  to  him  a  color  concept. 
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H.  P.  Gage;:  We  had  some  interesting  experience  in  get- 
ting color  screens  to  do  very  much  what  Professor  Nichols  has 
indicated  for  changing  the  effect  of  one  color-temperature  to 
another  color-temperature.  For  example,  if  in  front  of  an  electric 
lamp  we  put  a  yellow  glass  of  the  right  spectral  composition 
it  would  reduce  the  intensity  of  the  lamps  to,  we  v/ill  say,  that 
of  a  red-hot  wire.  Not  only  will  there  be  a  reduction  in  in- 
tensity but  the  color  will  be  shifted  towards  the  redder  hue  of 
the  lower  temperature  wire.  Such  a  yellow  absorbing  screen  has 
not  been  worked  out  fully  in  glasses  but  in  the  red  part  of  the 
spectrum  a  pair  of  glasses  has  been  developed  which  reduce  both 
the  intensity  and  the  color  of  a  black  body  radiator  in  the  correct 
ratio. 

I  could,  by  taking  sufficient  time,  draw  a  curve  depending 
upon  the  well-known  Wien  equation  which  when  plotted  as 
reciprocal  wave  lengths  against  the  logarithm  of  the  transmission 
would  be  a  straight  line  passing  through  the  zero.  This  curve 
represents  the  spectral  distribution  of  a  yellow  glass  which  would 
serve  the  purpose  here  stated. 

On  the  other  hand,  I  can  place  in  front  of  a  lamp,  a  piece  of 
blue  glass  which  will  increase  the  color-temperature  of  the 
source  although  it  reduces  the  intensity;  that  is,  we  get  a  bluer 
light.  Thus  with  a  tungsten  lamp  it  is  possible  to  obtain  an  illum- 
ination the  same  color  as  sunlight  or  daylight.  To  change  from 
some  definite  temperature  as  that  of  a  gas-filled  lamp  2,700° 
Kelvin  to  some  other  definite  temperature  as,  say,  7,000°  Kelvin, 
we  can  draw  a  curve  showing  the  relation  between  the  trans- 
mission for  each  wave-length,  with  respect  to  the  transmission 
for  another  given  wave-length  such  as  0.41  fi.  A  study  of  the 
Wien  equation  reveals  an  interesting  set  of  relationships.  If  a 
glass  will  change  the  color-temperature  of  a  black  body  radiator 
at  a  certain  temperature,  T^,  to  that  of  a  second  temperature, 
T2,  it  will  also  change  the  temperature  of  a  body  at  a  third  tem- 
perature, T3,  to  that  of  a  fourth  temperature,  T^,  when  the  re- 
lation between  these  temperatures  is 


It,     tJ     |t,     tJ 
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If  we  take  a  thinner  section  of  the  same  glass  we  can  change  the 
color-temperature  of  the  transmitted  li<jht  accordinj;  to  the  thick- 
ness used.  With  glasses  as  here  described  it  should  be  practical 
to  make  a  color-temperature  pyrometer  which  will  increase  or 
diminish  the  color-temperature  of  a  standard  lamp  to  that  of 
the  color-temperature  to  be  measured.  In  the  yellow  we  have 
not  as  yet  succeeded  in  getting  quite  the  right  spectral  trans- 
mission but  we  have  developed,  and  there  is  at  present  available, 
a  supply  of  blue  glass  which  satisfies  the  relationships  given  above 
for  increasing  the  color-temperature  of  light  sources. 

C.  F.  Scott  :  I  have  been  impressed,  as  I  am  sure  others 
have,  by  the  beautiful  simplicity  of  the  presentation  which  Dr. 
Hyde  has  made,  the  way  these  difficult  and  intricate  and  involved 
matters  are  simplified  and  put  in  the  form  of  a  curve,  and  the 
magnificent  way  in  which  the  different  experimental  data  line 
themselves  up  to  the  curve.  The  fact  that  this  is  work  that  Dr. 
Hyde  has  been  engaged  in  for  many  years  and  that  the  later  re- 
sults line  up  with  the  former  ones  is  also  a  gratifying  matter. 

If  I  may  speak  of  another  thing  a  moment;  I  come  to  these 
Conventions  to  learn  many  things.  I  was  impressed  with  the 
matter  of  eye  strain  and  so  on  in  the  presentation  this  morning. 
I  believe  in  exhibits  and  demonstrations.  For  myself.  I  think 
I  have  been  fully  convinced  of  what  I  thought  I  knew  before, 
that  illumination  on  the  back  of  the  head  of  the  speaker  does  not 
aid  the  audience  materially  and  that  a  ver}'  bright  and  glaring 
light  in  the  field  of  vision  is  a  very  distracting  and  annoying  matter 
to  all  who  have  to  look  at  it. 

G.  G.  Cousins:  I  would  like  to  ask  a  question  regarding 
a  photometric  feature.  In  making  color  matches  with  the  Lum- 
mer-Brodhun  photometer,  is  it  desirable  to  work  with  a  high 
intensity  or  a  relatively  low  one? 

J.  B.  Taylor:  I  want  to  ask  if  this  term  "color  tem- 
perature" has  been  well  considered,  and  is  it  properly  written? 
Should  it  be  a  compound  word?  Somebody  picked  up  this  pro- 
gram and  said,  "Haven't  they  left  out  a  comma?  Shouldn't  it 
be  "Color,  Temperature  and  Brightness,  etc.  ?" 

I  haven't  considered  this  enough  to  say,  but  should  not  that 
be  tied  together  with  a  hyphen  ? 
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E.  P.  Hyde;:  Referring  to  the  first  question,  the  illumina- 
tion that  we  use  is  determined  upon  the  meter  candle.  With 
respect  to  the  suggestion  of  Mr.  Taylor,  I  can  only  reply  that  the 
term  "color  temperature"  has  received  the  most  careful  and 
scrutinizing  attention  in  every  regard  except  with  respect  to  the 
hyphen,  and  I  think  that  we  ought  to  make  that  the  order  of  the 
day  for  the  next  consideration  and  decide  to  put  it  in. 

Perhaps  it  would  not  be  amiss  to  explain  a  little  about  the 
origin  of  the  term,  a  subject  which  I  did  not  discuss  in  the  paper 
because  I  did  not  expect  the  question  to  be  raised.  It  has  been 
the  practice  for  many  years  in  determining  the  temperature  of 
furnaces  particularly  those  used  for  melting  metals  and  glass, 
where  the  temperatures  could  not  be  measured  by  ordinary  ther- 
mometers, to  use  what  has  been  called  the  "red-"  or  "green-" 
or  "blue-black  body"  temperature.  This  is  the  temperature  of  an 
ideal  radiator  or  black  body  at  which  it  has  the  same  emission 
intensity  in  some  wave-length  usually  in  the  red.  This  afforded 
a  convenient  number  to  express  the  temperature  of  the  furnace. 
When  we  came  to  match  the  integral  color  of  a  hot  body  such 
as  an  incandescent  filament  with  the  integral  color  of  a  black 
body  we  again  had  a  temperature  of  the  black  body  but  one  which 
was  different  from  that  at  which  the  filament  and  the  black  body 
would  have  the  same  emissivity  in  the  one  wave  length.  In 
order  to  distinguish  between  these  two  black  body  temperatures 
a  terminology  was  adopted  and  proposed  some  years  ago  in  a 
paper  before  the  Physical  Society*  in  which  the  previously  desig- 
nated red  black  body  temperature  was  called  the  "black  body 
brightness"  temperature  or  more  briefly  the  "brightness  tem- 
perature" giving  the  wave-length  where  necessary,  while  the 
other  was  called  the  "black  body  color  temperature"  or  briefly 
the  "color  temperature"  where  there  was  no  question  of  con- 
fusion. I  think  it  would  be  well  to  insert  the  hyphen  since  it  is 
a  specifically  defined  term  to  mean  a  definite  thing.  I  can  well 
understand  how  the  title  of  the  paper  may  have  lead  to  some 
confusion. 

*Color  Temperature  Scales  for  Tungsten  and  Carbon— Pkys.  Rev.,  10,  Oct.,  1917. 


EYE  FATIGUE  IN  INDUSTRY  43 1 

EYE  FATIGUE  IN  INDUSTRY* 


BY    MAX   POSER.** 


To  Study  tlie  cause  of  eye  fatigue  many  factors  have  to  be 
considered,  particularly  those  pertaining  to  the  nervous  system  of 
the  human  eye.  For  the  illuminating  engineer  the  effect  of  light 
upon  the  human  eye  is  of  greatest  importance  and  the  science  of 
physiological  optics  has  furnished  us  with  a  number  of  theories 
as  to  the  stimulus  of  light  upon  our  visual  organs.  We  have 
learned  to  distinguish  between  good  and  bad  illumination  but  we 
have  a  good  deal  more  to  learn  as  to  what  is  correct  illumination 
in  order  to  cause  the  least  eye  strain. 

Daylight,  being  a  diffused  light  to  which  our  visual  organ 
is  most  adapted  particularly  when  the  sky  is  covered  with  light 
white  clouds,  causes  the  least  eye  fatigue  as  many  experiments 
have  shown.  From  this  we  conclude  that  diffused  daylight  is 
the  best  illumination,  and  industrial  plants  equipped  with  good 
daylight  illumination  will  experience  little  trouble  with  their 
workers  regarding  eye  fatigue.  In  the  long  winter  nights,  how- 
ever, the  effect  of  a  diffused  daylight  is  not  easily  produced  by 
means  of  artificial  light  sources.  Since  we  have  no  other  means  at 
our  disposal,  let  us  discuss  the  effect  of  artificial  illumination  on 
our  visual  organs.  To  understand  the  problem  more  easily,  there 
will  be  discussed  briefly  the  function  of  the  human  eye  when  ex- 
posed to  light,  and  its  anatomy  in  general. 

The  projecting  transparent  portion  of  the  external  coat 
of  the  human  eye  is  called  the  cornea,  which  is  joined  to  the 
white  part  of  the  eyeball  called  the  sclerotic.  Looking  directlv 
through  the  cornea  from  the  front  one  can  see  the  iris  and  black 
pupil  behind  it.  If  the  relative  position  of  the  cells  composing  the 
cornea  be  altered  by  pressure  from  within  or  without,  it  becomes 
translucent  and  cloudy  which  also  may  happen  through  iniury  or 
inflammation  of  this  structure.  Powerful  ultra  violet  light  or 
excessive  heat  may  impair  the  transparency  of  the  cornea,  and  no 
matter  if  every  other  part  of  the  eye  be  normal,  with  an  impaired 

*.K  paper  prrsrnted  at  the  Annual  Coarention  ^f  the  niuminaiiug  Euginrcriug 
Society,  Rochester.  N.  V..  September  26-29,  1921. 

••Max  Poser, Jh.  O   D  ,  M.  R.  I.,  K.  R.  M.  S  .  BausC'S  &  I^mb  OpticnlCo.,  Rochester, 
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cornea  perfect  vision  is  impossible.     The  cornea  is  composed  of 
five  layers : 

I — Epithelium. 

2 — Membrane  of  bowman,  a  dense  membrane  which  main- 
tains the  shape  of  the  cornea. 

3 — The  proper  substance  of  the  cornea,  not  as  dense  as  the 
preceeding,  but  forming  the  greater  part  of  the  thickness  of  the 
cornea. 

4 — Posteria  limiting  layer,  or  membrane  of  descemet. 

5 — Endothelium. 

The  cornea  is  freely  supplied  with  nerves. 

The  next,  or  middle  coat  of  the  eye  is  called  the  choroid, 
which  forms  a  lining  for  the  inner  surface  of  the  sclerotic.  The 
choroid  seems  to  consist  principally  of  a  network  of  blood-vessels, 
lined  with  a  layer  of  flat,  dark  brown  or  black  pigment  cells.  The 
blood-vessels  supply  nutriment  to  the  various  parts  of  the  eye, 
while  the  function  of  the  dark  surface  is  to  absorb  the  excess 
light  which  would  otherwise  dazzle  and  prevent  accurate  vision. 

The  choroid,  like  the  sclerotic,  is  pierced  behind  by  the  optic 
nerve.  As  it  approaches  the  front  part  of  the  eye,  it  folds  upon 
itself  and  forms  a  series  of  folds  or  plaitings,  which  are  known 
as  the  ciliary  processes,  which  are  arranged  in  a  circle  behind  the 
iris  and  around  the  margin  of  the  crystalline  lens,  and  they 
gradually  merge  into  what  is  known  as  the  ciliary  muscle,  or  the 
muscle  of  accomodation. 

The  ciliary  body  is  composed  of  two  parts : 

1.  The  vascular  part,  supplying  nourishment  to  the  vitreous 
and  crystalline  lens,  and  for  the  secretion  of  the  aqueous  humor. 
The  projecting  tips  from  its  anterior  portion,  seventy  or  eighty 
in  number,  are  known  as  the  ciliary  processes. 

2.  The  muscular  part,  known  as  the  ciliary  muscle,  which 
consist  of  involuntary  fibers  which  cause  the  ciliary  muscles  to 
play  an  important  part  in  the  accommodation  of  the  eye.  The 
fibers  of  the  ciliary  muscles  are  arranged  in  two  sets :  the 
meridional  and  the  circular. 
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The  anterior  portion  of  the  eyeball,  that  is,  the  space  in- 
cluded between  the  cornea  in  front  and  the  crystalline  lens  and 
ciliary  processes  behind,  is  filled  completely  with  the  aqueous 
humor.     The  iris  is  completely  immersed  in  this  fluid. 

The  vitreous  humor  occupies  four-fifths  of  tiie  interior  of 
the  eyeball.  It  is  a  thin  jelly-like  albuminous  fluid  inclosed  in  a 
delicate  transparent  membrane,  called  the  hyaline  membrane. 

Tiie  vitreous  humor  is  admirably  adapted  to  maintain  the 
form  of  the  eyeball  and  give  to  the  retina,  which  is  spread  upon 
its  outer  surface,  the  necessary  support,  while  at  the  same  time 
it  yields  sufficiently  to  protect  this  delicate  structure  from  injury 
by  jarring  or  external  pressure.  It  also  keeps  the  choroid  and 
retina  in  position,  so  that  the  latter  shall  be  at  the  proper  location 
to  receive  the  images  formed  by  the  refracting  media. 

The  crystalline  lens  is  a  transparent,  double  convex  lens,  the 
convexity  being  greater  on  its  posterior  than  upon  its  anterior 
surface.  It  is  situated  immediately  behind  the  pupil  and  in  a 
depression  in  the  front  part  of  the  vitreous  humor.  The  lens  in 
its  capsule  (hyaloid  membrane)  is  suspended  at  all  portions  of  its 
circumference,  and  is  retained  in  its  position  chiefly  by  what  is 
termed  the  suspensary  ligament  of  the  lens,  which  originates  in 
the  meshes  of  the  ciliary  body,  and  is  firmly  inserted  at  the  edge 
of  the  capsule. 

The  consistency  of  the  crj'stalline  lens  is  such  as  to  allow  its 
shape  or  convexity  to  be  readily  altered,  this  contraction  and  ex- 
pansion being  accomplished  by  means  of  the  ciliary  muscle.  The 
crystalline  lens  becomes  denser  with  age,  and  hence  it  is  less 
susceptible  to  the  action  of  this  muscle.  The  function  of  this  lens 
enables  one  to  see  objects  clearly  defined  within  a  long  range  of 
different  distances  from  the  eye. 

The  iris  is  a  thin,  circular-shaped,  contractible  membrane, 
suspended  in  the  aqueous  humor  behind  the  cornea  and  in  front 
of  the  crystalline  lens.  It  is  perforated  slightly  to  the  nasal  side 
of  its  center  by  a  circular  aperture,  the  pupil,  for  the  transmission 
of  light,  thus  forming  a  diaphragm  with  variable  aperture.  The 
word  iris  means  rainbow;  it  receives  this  name  from  its  various 
colors  in  different  individuals. 

It  is  an  interesting  fact  that  eyes  of  new-bom  babies  are 
always  blue,  and  they  do  not  begin  to  assume  their  permanent 
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color  until  the  sixth  or  eighth  week  of  Hfe,  tlie  coU^r  bein;^  then 
formed  by  the  addition  of  a  greater  or  less  amount  of  dark 
pigment. 

The  eyes  of  albinos  are  pink  on  account  of  lask  of  pigment. 
The  sight  of  such  an  eye  is  always  deficient,  and  it  is  painfully 
sensitive  to  light. 

There  is  a  popular  notion  that  dark  eyes  are  stronger  than 
light  ones;  the  only  foundation  for  this  idea  is  the  fact  that  they 
are  better  protected  against  excessive  light.  Light  eyes  prevail 
among  northern  nations,  and  dark  eyes  among  the  races  who  live 
in  the  glare  of  a  tropical  sun. 

The  muscular  system  of  the  iris  is  involuntary;  that  is,  it  is 
not  under  the  control  of  the  will,  and  hence  we  are  not  able  to 
change  the  size  of  the  pupil  by  the  strongest  effort  of  our  volition. 
The  muscles  of  the  iris  consist  of  circular  and  radiating  fibers, 
known  as  the  sphincter  and  dilator.  The  former  surround  the 
margin  of  the  pupil  on  the  posterior  surface,  these  are  the  fibers 
that  contract  the  pupil.  The  radiating  fibers  converge  from  the 
circumference  toward  the  center,  where  they  blend  with  the 
circular  fibers,  and  by  their  action  enlarge  or  dilate  the  pupil 
Through  the  action  of  these  two  sets  of  muscles  the  pupil 
has  the  property  of  changing  its  size,  thus  regulating  the  amount 
of  light  admitted  to  the  retina.  The  contraction  of  the  pupil 
through  the  sphinctor  muscle  is  controlled  by  the  third  cranial 
nerve,  the  dilation  through  the  radiating  fibers  by  the  sympathetic 
nerve.  Thus  we  have  the  means  to  counteract  strong  light  and 
to  correct  insufficient  illumination  within  reason. 

The  internal  or  nervous  coat  of  the  eyeball,  called  the  retina, 
is  the  most  important  membrane  of  all ;  indeed,  all  the  other 
structures  of  the  eye  may  be  considered  subservient  to  this  one, 
as  on  it  are  formed  the  images  of  external  objects  by  means  of 
which  we  are  said  to  see  them.  The  retina  is  continuous  with  the 
optic  nerve ;  in  fact,  it  seems  to  be  the  spreading  out  of  the  nerve, 
which  pierces  the  sclerotic  and  choroid  to  form  this  membrane, 
and  by  means  of  which  the  impression  is  carried  to  the  brain,  and 
hence  the  eye  and  the  brain  are  in  the  most  direct  and  constant 
communication. 

In  the  center  of  the  posteria  part  of  the  retina,  at  a  point 
corresponding  to  the  axis  of  the  eye  in  which  the  sense  of  vision 
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is  most  perfect,  is  a  round,  elevated,  yellowish  spot,  having  a 
central  depression  at  its  summit,  called  the  fovea  centralis,  which 
is  the  center  of  direct  vision  and  the  most  sensitive  part  of  the 
retina.  The  retina  is  provided  with  a  large  number  of  nerve- 
end-organs  called  tht  rods  and  cones  according  to  their  shape.  In 
the  region  of  the  macula  lutea  (which  is  the  Latin  term  for  yellow- 
spot )  the  rods  begin  to  be  replaced  by  the  cones,  so  that  at  the 
macula  there  are  no  rods  at  all,  while  the  number  of  cones  is 
great,  which,  therefore,  makes  the  lattet  the  most  prominent 
feature  of  the  fovea.  About  one-tenth  of  an  inch  to  the  inner 
side  of  the  yellow  spot  is  the  point  of  entrance  of  the  optic  nerve, 
which  is  the  only  portion  of  the  surface  of  the  retina  from  which 
the  power  of  vision  is  absent. 

The  retina  in  its  entirety  is  a  very  delicate  and  extremely 
complicated  structure  consisting  of  ten  layers ;  time  will  not  allow 
us  to  go  further  into  details  as  to  these  layers. 

The  optic  nerves  (the  second  pair  of  cranial  nerves),  after 
leaving  the  eyeballs,  run  obliquely  backward  and  inward  through 
the  orbit  of  the  optic  foramen,  through  which  they  pass  into  the 
cranial  cavity,  where  they  join  together  to  form  the  optic  com- 
missure, in  which  there  is  a  decussation  of  the  nerve  fibers,  and 
then  pass  on  backwards  to  form  the  optic  tracts. 

These  tracts  extend  from  the  commissure  to  the  base  of  the 
brain,  finally  entering  the  geniculate  bodies,  the  optic  thalmai  and 
the  corpora  quadrigemina. 

A  great  deal  more  could  be  said  about  the  anatomy  of  the 
human  eye  but  what  has  been  explained  will  give  us  some  idea 
as  to  the  wonderful  piece  of  work  nature  accomplished  in  order 
to  bring  about  vision.. 

The  sense  of  sight  is  the  most  remarkable  of  all  our  senses, 
both  for  the  special  nature  of  the  impressions  which  it  receives, 
the  complicated  structure  of  its  apparatus,  and  the  variety  and 
value  of  the  information  which  it  affords  with  regard  to  external 
objects. 

It  is  by  this  sense  that  we  receive  the  impressions  of  light 
and  color,  with  all  their  modifications  of  intensity  and  combi- 
nation, and  acquire  our  principal  ideas  of  form,  space  and  move- 
ment. 

7 
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Let  us  now  observe  for  instance  the  effect  of  illumination 
upon  this  visual  organ  when  pursuing  our  daily  work.  Consider 
a  mechanic  working  at  a  lathe  with  an  electric  lamp  (clear  bulb) 
and  no  screen,  as  we  often  observe,  suspended  from  the  ceiling 
hanging  close  in  front  of  his  face.  The  bright  metal  parts  upon 
which  he  is  working  reflect  a  strong  light  directly  into  his  eyes, 
causing  the  ciliary  muscles  to  contract  the  iris  in  order  to  pro- 
tect the  vital  organs  from  the  glare;  the  next  thing  which  may 
happen  is  that  the  man  looks  for  some  tools  in  a  dark  spot  and, 
consequently,  the  ciliary  muscles  will  again  be  called  upon  by  the 
nerve  action  to  go  to  work  and  expand  the  iris  in  order  to  allow 
sufficient  light  to  enter  the  eye  to  render  vision  possible.  If  this 
process  is  often  repeated,  and  in  the  daily  work  it  frequently 
suiting  ultimately  in  eye  strain  and  fatigue.  With  the  eyes  ex- 
posed to  unprotected  clear  lamps  vision  is  impaired  and  this  mode 
occurs,  the  ciliary  muscles  are  taxed  to  a  very  high  degree,  re- 
of  illumination  must  be  considered  a  great  offense  to  our  visual 
organs.     It  is  a  wonder  that  more  suffering  is  not  recorded. 

Insufficient  illumination  represents  another  abuse  o£  the  eyes, 
and  a  careful  regulation  of  the  illumination  in  our  factories, 
offices,  homes  etc.,  should  be  observed  in  order  to  support  our 
eyes  in  their  functioning.  How  can  this  best  be  accomplished? 
The  answer  must  be:     "Study  Daylight  Effect." 

1.  Dark  corners  should  be  illuminated  with  diffused  indirect 
light  of  sufficient  intensity  in  order  to  prevent  excess  of  contrast 
of  all  illuminated  objects  in  areas  surrounding  them. 

2.  The  eyes  should  not  be  exposed  to  direct  light  sources  of 
any  kind. 

3.  The  excess  of  the  yellow  light  from  most  of  our  artificial 
light  sources  should  be  neutralized  by  blue  filters  of  suitable  tint 
in  order  to  approach  daylight  color.  It  is  not  necessary  to  obtain 
absolute  standard  daylight  quality  as  determined  spectroscopically, 
since  our  light  sense  overcomes  a  considerable  variation  of  color 
combinations  in  the  light  source  without  experiencing  fatigue. 

4.  When  work  is  to  be  done  on  bright  light  reflecting  sur- 
faces, the  illumination  should  be  as  much  as  possible  of  a  grazing 
incident  so  that  the  light  rays  may  not  reflect  direct  into  the  eyes 
of  the  worker. 
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5.  Cheerful  surroundinj^s,  well  illuminated,  add  a  great  deal 
to  the  comfort  of  the  individual,  remember  that  seeing  is  a  nerve 
action. 

6.  Attractive  soft  color  schemes  of  variety  in  work  rooms 
will  prove  to  be  refreshing  to  the  eye ;  monotony  in  color  should 
be  avoided. 

7.  Neither  red  walls  nor  pure  white  walls  are  inviting; 
the  former  tend  to  fatigue,  the  latter  glare  and  tire  the  eye.' 
Neutral  gray  as  a  base  color  is  restful  to  our  eyes  while  bright 
multiple  color  effects  are  exciting. 

8.  Fine  detail  work  does  not  demand  brilliant  illumination, 
a  soft  velvety  light  of  moderate  intensity  will  prove  far  more 
satisfactory  in  order  to  prevent  eye  fatigue.  For  extreme  fine 
detail  work  optical  appliances  should  be  made  use  of  in  order  to 
magnify  the  images  of  such  objects  on  the  retina;  illumination 
alone  will  not  suffice.  The  illuminating  engineer  should  also 
make  frequent  use  of  the  spectroscope  in  testing  light  sources 
since  one  cannot  judge  by  tint  only. 
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SOME  PROPERTIES  AND  LIMITATIONS  OF 
OPTICAL  MATERIAL* 


BY  W.  B.  RAYTON** 


The  Optical  Engineer  is  confronted  with  problems  of  two 
general  types.  First,  the  problems  dealing  with  distribution  of 
light  and,  second,  the  problems  involved  in  the  formation  of 
images. 

The  first  group  includes  the  requirements  of  the  ophthal- 
mologist who  wants  a  beam  of  light  of  almost  infinitesimal  cross 
section  but  of  high  intensity  to  project  into  the  human  eye,  the 
exacting  requirements  of  the  microscopist  in  illuminating  the 
objects  on  the  stage  of  his  microscope,  of  the  moving  picture 
engineer  in  illuminating  his  film,  of  the  illuminating  engineer 
in  lighting  a  factory  yard,  and  of  military  and  naval  men  in 
projecting  beams  of  light  of  high  intensity  for  many  miles. 

The  second  group  of  problems  includes  those  involved  in 
the  design  of  lenses  for  microscopes,  telescopes,  field  glasses, 
photography,  projection,  engineering  instruments,  spectroscopes 
and  a  host  of  other  instruments  as  well  as  for  the  correction  of 
defective  vision.  There  are  very  fundamental  diflferences  in  the 
nature  of  the  images  required  by  dififerent  instruments  but  there 
are,  again,  two  general  classes  into  one  or  the  other  of  which 
most  images  will  fall.  There  is  a  group  of  instruments,  of  which 
the  most  conspicuous  examples  are  the  microscope  and  the 
telescope,  in  which  the  most  important  requisite  is  the  utmost 
perfection  of  definition  over  a  relatively  small  field  of  view. 
In  the  second  group,  an  extensive  field  of  view  is  a  prime  requisite 
and  in  order  to  secure  tolerable  definition  at  the  margin  of  the 
wide  image  it  is  necessary  to  sacrifice  some  of  the  excellence  of 
definition  otherwise  possible  at  the  center  of  the  image.  To  this 
second  group  belong  photographic  and  projection  objectives, 
spectacle  lenses,  eyepieces  of  all  kinds,  some  telescopes,  such  as 
submarine  periscopes  and  opera  glasses,  magnifiers,  and  reading 
glasses.  The  statement  that  central  definition  has  to  be  sacrificed 
in  the  interest  of  improvement  in  marginal  definition  must  not 

*A  paper  presented  at  the   Annual  Convention   of  the  Illuminating  Engineering 
Society,  Rochester,  N.  Y.,  September  26-29,  1921. 

**Bausch  &  I<omb  Optical  Co.,  Rochester,  N.  Y. 
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be  misunderstood.  The  fact  is,  that  for  the  most  part,  extremely 
good  definition  is  not  required  in  the  center  of  the  field.  To  illus- 
trate: the  image  formed  by  a  telescope  objective  may  be  required 
to  retain  good  definition  ever  though  magnified  fifty  times  by  the 
eyepiece,  while  the  image  formed  by  a  photographic  objective  is 
generally  viewed  with  the  naked  eye  and  very  rarely  is  required 
to  stand  a  magnification  as  great  as  four. 

The  elements  with  which  the  optical  engineer  solves  his 
problems  are  very  few  in  number:  mirrors,  prisms,  and  lenses. 
The  raw  materials  from  which  they  are  made  comprise  optical 
glass,  and  a  few  crystals  such  as  calcite,  fluorite,  rock  salt,  and 
quartz.  The  variables  at  his  disposal  in  the  solution  of  a  problem 
are :  number  of  elements  employed,  properties  of  materials  used, 
angles  of  prisms,  curvatures  of  mirror  and  lens  surfaces,  and 
separations  of  elements. 

Of  the  raw  materials  mentioned,  optical  glass  is  by  far  the 
most  common.  Crystals  are  used  very  rarely.  They  are  expensive 
and  difficult  to  work  but  they  meet  certain  requirements  which 
cannot  be  met  by  any  glass  yet  produced.  Optical  glass  diflfers 
from  ordinary  bottle  and  window  glass  in  its  transparency  and 
homogeneity  and  in  its  refractive  properties.  The  index  of  re- 
fraction for  yellow  light  varies  from  1.50  to  1.75  in  the  majority 
of  glass  catalogs  and  for  each  index  of  refraction  there  is  usually 
some  choice  as  to  dispersive  power.  The  measure  of  the  disper- 
sive power  of  a  glass  is  the  difference  in  its  indices  of  refraction 
for  light  of  dififerent  colors. 

In  the  design  of  an  instrument,  be  it  a  magnifier,  a  compound 
microscope,  or  a  submarine  periscope  there  are  two  stages  in  the 
process.  One  involves  the  determination  of  the  focal-lengths, 
positions,  and  diameters  of  the  lenses  and  the  apertures  and 
locations  of  stops  to  limit  the  size  of  the  light  beams.  The 
second  stage  involves  the  selection  of  materials,  curvatures,  lens 
thicknesses,  prism  angles,  etc.,  to  the  end  that  the  performance  of 
the  complete  instrument  shall  measure  up  to  the  required  degree 
of  excellence  in  the  simplest  and  most  economical  manner. 

The  elementary  theory  by  means  of  which  the  first  of  these 
stages  is  covered  is  found  set  forth  in  most  text-books  on  Physics 
and  Optics.  The  second  stage  is  not  so  well  covered  in  the 
literature.     There  are,  to  be  sure,  huge  volumes  available  filled 
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with  astonishingly  complicated  equations  whose  solution  is  said 
to  lead  to  a  determination  of  the  radii  of  curvature  and  properties 
of  glass  required  to  fulfill  certain  simple  requirements  but  they 
are  of  little  value  to  the  practical  designer  and  are  misleading  to 
the  amateur.  For  the  most  part,  the  second  stage  requires  a 
training  which  can  be  secured  only  by  experience.  Our  present 
science  of  mathematics  is  not  powerful  enough  to  solve  problems 
which  to  an  experienced  lens  designer  armed  with  a  table  of 
logarithms  and  logarithmic  functions  of  angles  offer  no  difficulty 
whatever. 

The  optical  elements  employed  were  said  to  consist  of 
mirrors,  prisms,  and  lenses.  It  is  probably  a  matter  of  some 
interest  to  know  something  of  the  purposes  which  these  different 
elements  serve. 

Mirrors  are  called  plane,  spherical,  parabolic,  or  elliptical 
according  to  the  nature  of  the  surfaces  ground  on  them. 

If  made  of  glass,  they  are  called  first  surface  or  second  sur- 
face according  to  which  surface  is  silvered.  Ordinary  mirrors  are 
invariably  second  surface  mirrors  for  the  reasons  that  silver  un- 
protected from  the  air,  as  it  generally  is  in  the  case  of  first  surface 
mirrors,  rapidly  losses  its  originally  high  reflecting  power  because 
of  oxidation  and  sulphation  and  is  easily  scratched  and,  in  fact, 
may  be  entirely  removed  in  attempts  at  cleaning.  Inasmuch  as 
there  is  some  light  reflected  from  the  front  surface  as  well  as 
from  the  back  surface,  second  surface  mirrors  give  rise  to  double 
images.  First  surface  mirrors  are  used  when  double  images  are 
objectionable.  When  other  considerations  permit,  the  silver  may 
be  protected  by  a  thin  coating  of  transparent  lacquer.  This  is 
very  effective  in  preventing  the  silver  film  from  tarnishing  but 
it  is  very  soft  and  easily  scratched  in  any  attempt  to  wipe  dust 
from  the  surface.  Mirrors  for  reflecting  telescopes  and  for  some 
other  purposes  are  sometimes  made  of  metal.  Such  mirrors  are 
much  more  resistant  to  atmospheric  attack  than  silver  on  glass 
but  have  not  so  high  a  coefficient  of  reflection. 

In  addition  to  the  every  day  use  of  plane  mirrors,  they  find 
limited  employment  in  optical  engineering  in  changing  the  direc- 
tion of  beams  of  light.  Spherical  and  parabolic  mirrors  find 
their  principal  use  in  collecting  a  wide  beam  of  light  diverging 
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from  a  light  source  and  transforming  it  into  an  approximately 
parallel  beam  such  as  in  automobile  headlights  and  in  searchlights. 
The  degree  of  approximation  to  parallelism  is  governed  by  the 
angle  subtended  at  the  center  of  the  mirror  by  the  source  of  light, 
the  nature  of  the  mirror  and  the  quality  of  its  surfaces.  In  a 
spherical  mirror,  the  focal  points  for  different  zones  are  situated 
at  different  points  along  its  axis,  therefore,  it  is  impossible  to 
place  a  light  source  at  any  one  point  such  that  the  rays  of  light 
after  reflection  by  the  mirror  are  parallel  to  its  axis  except  for 
one  zone.  Parabolic  mirrors  are  not  afflicted  with  this  defect. 
On  the  other  hand  it  is  technically  impossible  to  produce  parabolic 
surfaces  of  the  high  quality  attainable  in  spherical  work  except 
at  a  staggering  cost.  Even  granting  the  inferior  surface  quality, 
parabolic  mirrors  are  very  much  superior  to  spherical  mirrors 
in  producing  parallel  beams.  Even  a  parabolic  mirror  of  perfect 
surface  quality,  cannot  produce  an  absolutely  parallel  beam  by 
reason  of  the  fact  that  the  light  source  always  subtends  a  finite 
angle  at  the  center  of  the  mirror.  The  smaller  the  light  source 
and  the  longer  the  focal  length  of  the  mirror,  the  less  will  be  the 
spread  of  the  beam.  Since  light  sources  of  infinitesimal  dimen- 
sions are  impossible,  a  strictly  parallel  beam  of  light  is  a  physical 
impossibility. 

Prisms  are  of  two  kinds :  first,  those  used  for  the  refraction 
and  dispersion  of  light  into  its  component  colors  such  as  find  use 
in  spectroscopy  and,  second,  prisms  used  as  substitutes  for  plane 
mirrors.  The  latter  application  is  much  more  common  than  the 
former.  There  is  a  great  variety  of  types  of  reflecting  prisms  and 
they  are  adapted  to  a  wide  range  of  purposes.  Prisms  are  superior 
to  mirrors  in  many  ways,  differing  in  this  respect  from  "sub- 
stitutes" as  a  class.  They  are  permanent,  usually  more  efficient  in 
reflecting  power,  and  can  often  be  made  in  one  piece  to  serve  a 
purpose  which  would  require  several  mirrors.  Any  consideration 
of  reflecting  prisms  sufficiently  exhaustive  to  merit  reading  would, 
in  itself,  require  more  time  than  has  been  allotted  to  this  whole 
paper.  It  must  be  said,  however,  that  the  theory  of  reflecting 
prisms  constitutes  one  of  the  least  difficult  and  most  fascinating 
branches  of  optics. 

Lenses  are  characterized,  in  the  mind  of  the  optical  designer, 
principally  by  the  variety  and  degree  of  difticulty  of  the  problems 
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they  offer.  There  are  two  facts  which  are  responsible  for  this; 
first,  the  same  piece  of  glass  has  different  refractive  indices  for 
different  wave  lengths  (colors)  of  light  and,  second,  the  effect 
of  a  refracting  surface  depends  upon  the  sine  of  the  angle  of  in- 
cidence. The  first  gives  rise  to  chromatic  aberration  which  mani- 
fests itself  by  fringes  of  color  bordering  the  edges  of  an  image. 
The  second  gives  rise  to  the  evils  known  as  spherical  aberration, 
coma,  astigmatism,  curvature  of  field,  and  distortion  which  mani- 
fest themselves  in  indistinctness  or  haziness  of  the  image  or  in  a 
failure  to  secure  in  the  image  geometrical  similarity  to  the  object. 

In  what  follows,  the  term  "lens"  will  be  understood  to  apply 
not  only  to  a  single  lens  but  to  any  combination  of  single  lenses 
assembled  as  a  unit.  A  photographic  objective  comprising  four 
to  six  elements,  and  a  microscope  objective  comprising  possibly 
as  many  as  ten  will  be  spoken  of  as  "lenses." 

In  planning  a  lens,  the  first  question  to  arise  is  whether  it  is 
to  be  achromatic.  It  must  not  be  assumed  that  this  is  always 
even  desirable.  In  general,  if  it  is  not  necessary  that  the  lens 
be  achromatic,  it  is  desirable  that  it  should  not  be  both  from  the 
standpoint  of  economy  and  of  better  optical  performance  in  other 
respects.  If  the  lens  is  to  be  used  as  an  element  of  an  illuminat- 
ing system,  as  a  spectacle  lens,  or  as  a  collective  lens  it  need  not 
be  achromatic.  Many  single  lenes  are  used  as  magnifiers,  mostly 
from  considerations  of  economy  for,  here,  achromatic  lenses 
are  distinctly  superior.  Lenes  whose  function  it  is  to  form  an 
image  which  is  to  bear  subsequent  magnification  or  which  for  any 
reason  must  be  reasonably  well  defined  must  be  achromatic. 
The  closest  attention  to  achromatism  is  necessary  for  telescope, 
microscope,  and  photographic  lenses. 

Simple  achromatism  can  generally  be  achieved  by  making 
the  lens  of  two  elements,  whose  focal  lengths  are  unequal  and 
which  are  made  from  two  glasses  of  different  dispersive  power. 
The  focal  lengths  of  the  elements  and  the  dispersive  power  of  the 
glasses  are  the  variables  upon  which  the  designer  must  depend 
for  securing  freedom  from  color. 

Of  the  other  image  defects  listed  above,  spherical  aberration 
is  of  primary  importance.  If  present  in  serious  amount  it  blurs 
the  whole  image.     Its  magnitude  depends  upon  the  kind  of  glass, 
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the  aperture  and  the  focal  length  of  the  lens,  the  object  distance, 
and  the  shape  of  the  lens.  It  cannot  be  eliminated  from  a  single 
lens  but  can  be  reduced  to  a  minimum  by  a  suitable  choice  of 
shape. 

Practically  every  achromatic  lens  by  virtue  of  its  construc- 
tion can  be  corrected  for  spherical  aberration  and,  in  fact,  the 
name  "achromatic  lens"  has  come  to  imply  correction  of  spneri- 
cal  as  well  as  of  chromatic  aberration. 

Spherical  and  chromatic  aberrations  can  both  be  corrected 
in  a  lens  of  two  elements  and  by  suitable  choice  of  glasses  the 
curvature  of  the  surfaces  may  be  so  chosen  that  the  two  elements 
can  be  cemented  together.  This  is  the  usual  small  telescope 
objective  construction.  It  is  generally  satisfactory  for  cases 
which  do  not  require  a  field  of  view  larger  than  five  or  six  degrees 
and  for  focal  lengths  not  less  than  six,  preferably  twelve  to 
fifteen,  times  the  aperture.  The  successful  treatment  of  spheri- 
cal and  chromatic  aberrations  for  lenses  of  still  shorter  focal 
length  compared  to  aperture  is  the  problem  of  the  designer  of 
microscope  objectives.  Here  the  focal  length  may  be  less  than 
half  of  the  aperture  and  the  elimination  of  these  two  aberra- 
tions then  taxes  to  the  utmost  every  resource  of  the  designer  and 
requires  the  employment  of  many  more  than  two  elements  and 
in  some  cases  it  can  be  accomplished  only  by  the  powerful  aid 
of  crystals  in  addition  to  the  usual  optical  glasses. 

Manufacturers  are  very  frequently  asked  for  quotations  on 
achromatic  lenses  of  ordinary  telescope  objective  construction 
with  apertures  nearly  equal  to  the  focal  length.  Such  lenses  are 
impossible.  If  any  degree  of  excellence  is  required  in  the  image, 
the  focal  length  must  be  at  least  six  times  the  aperture,  while 
for  the  roughest  kind  of  work  it  is  possible  to  design  lenses  whose 
focal  length  is  three  times  the  aperture.  They  cannot  be  well 
corrected,  but  serve  for  some  purposes. 

The  remaining  aberrations,  coma,  astigmatism,  curvature 
of  tield  and  distortion  concern  the  margin  of  the  field  only. 
Except  in  very  rare  cases  they  are  not  of  serious  consequence 
unless  the  image  covers  more  than  six  degrees.  They  are  not 
automatically  eliminated  by  correcting  chromatic  and  spherical 
aberrations   but   on   the  other  hand   mav   be   increased  therebv. 
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Their  complete  or  partial  elimination  depends  upon  the  skillful 
choice  of  number  of  elements,  curvatures,  kinds  of  glass,  separa- 
tions of  elements  and  size  and  location  of  stops.  For  a  given 
focal  length,  increase  of  aperture  increases  the  amount  of  several 
of  these  aberrations  and  the  difliculty  of  treating  them  and 
eventually  reaches  a  point  beyond  which  the  designer  is  unable 
to  go. 

The  most  familiar  application  of  lenses  covering  an  extreme 
field  of  view  lies  in  photography  and  in  the  projection  of 
lantern  slides  and  motion  pictures.  It  is  well  known,  that  the 
brightness  of  the  image  on  the  plate  in  photography  or,  to  a 
certain  extent,  on  the  screen  in  projection  depends  upon  the 
aperture  of  the  lense  and  to  the  end  that  exposure  time  may  be 
decreased  and  projected  images  be  brighter  lens  designers  have 
constantly  striven  to  produce  lenses  of  larger  and  larger  aperture. 
Lenses  whose  focal  length  is  not  greater  than  2.5  times  the 
aperture  are  now  available  for  moderate  fields  of  view  and  4.5 
times  the  aperture  for  fields  of  view  of  fifty  to  sixty  degrees. 
Still  larger  fields  can  be  covered  by  lenses  of  smaller  aperture. 

None  of  these  lenses  affords  the  excellence,  of  definition 
at  the  center  of  the  image  that  is  expected  of  a  good  telescope 
objective ;  no  matter  how  fine  they  may  be  for  the  purpose  for 
for  which  they  were  designed  and  no  matter  what  they  may 
have  cost,  they  cannot  give  satisfaction  as  a  telescope  objective 
to  one  who  is  acquainted  with  good  telescope  images. 

Single  lenses  are  found  in  a  variety  of  shapes.  They  may 
be  plane  on  one  side,  both  surfaces  convex  or  both  concave,  or 
one  surface  may  be  convex  and  the  other  concave.  Although 
they  may  be  of  the  same  focal  length  and  diameter  a  group  of 
lenses  of  these  different  shapes  will  differ  substantially  in  optical 
performances.  The  decision  as  to  which  form  should  be  used  must 
be  rendered  according  to  conditions.  Cost  of  manufacture  may 
be  an  item.  For  quantity  production  the  form  with  curves  both 
of  the  same  sign  is  cheapest,  the  form  with  one  side  plane  is 
next,  and  the  meniscus  form  with  one  surface  convex  and  one 
concave  is  the  mose  expensive.  In  regard  to  performance, 
consideration  must  be  given  to  the  size  of  the  field  of  view 
required.  For  larger  field  the  meniscus  shape  used  in  conjunc- 
tion with  a  stop  at  some  distance  from  the  lens  gives  the  best 


Ol'TlCAL    MATKKIAL  445 

image.  For  smaller  fields  the  other  forms  are  better,  the  choice 
of  the  precise  shape  depending  on  the  distances  of  the  object 
and  image  from  the  lens.  If  object  and  image  are  symmetrically 
located  with  reference  to  the  lens,  an  equilateral  form  is  prefer- 
able; if  the  object  is  at  a  great  distance  the  piano  convex  or 
concave  form  is  better. 

In  general,  the  employment  of  two  lenses  instead  of  one 
will  result  in  better  image  quality  by  virtue  of  distributing  the 
requisite  power  over  four  surfaces  instead  of  two.  This  is  a 
means,  too,  of  avoiding  the  necessity  for  making  lenses  of 
excessively  curved  surfaces.  There  is  a  very  definite  limit  to 
the  diameter  attainable  in  a  lens  of  a  prescribed  focal  length. 
It  is  obvious  that  the  sphere  is  the  absolute  limit  beyond  which 
the  manufacturer  cannot  go.  In  practice  the  focal  length  of 
double  convex  or  concave  lenses  should  not  be  less  than  1.5  times 
the  diameter. 

The  optical  performance  of  a  lens  depends  not  only  on  its 
construction,  its  design,  but  also  upon  the  class  and  quality  of 
workmanship  employed  in  its  manufacture.  There  is  a  substan- 
tial difference  between  the  significance  of  the  words  "class"  and 
"quality"  as  here  used.  There  are  any  number  of  possible 
classes  of  workmanship  while  in  each  class  there  may  be  good 
or  poor  or  indifi'erent  quality.  The  product  of  a  first  rate  work- 
man in  one  class  of  work  may  be  much  poorer  than  the  output 
of  the  poorest  workman  in  a  higher  class  of  work.  A  customer 
is  entitled  to  reject  goods  if  the  quality  is  not  up  to  standard 
but  not  because  he  has  prescribed  or  accepted  quotation  on  a 
class  of  work  which  is  not  high  enough  for  his  purpose. 

The  class  of  workmanship  on  a  lens  or  mirror  governs  the 
accuracy  of  the  surfaces,  of  its  linear  dimensions,  and  of  the  cen- 
tering. By  accuracy  of  surface  is  meant  the  degree  to  which  it 
approaches  an  absolutely  spherical  or  plane  surface.  The  sur- 
faces of  the  least  expensive  class  of  ground  and  polished  work  are 
controlled  by  applying  gauges  made  of  thin  sheet  metal  curved  to 
the  prescribed  radius.  If  by  the  senses  of  sight  and  touch  the 
surface  appears  to  fit  the  gauge  it  is  acceptable — its  quality  is 
satisfactory.  For  higher  classes  of  work  resort  must  be  had  to 
more  sensitive  methods  of  testing.  A  convenient  method  is 
based  upon  the  fact  that  if  two  pieces  of  glass  are  brought  into 
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contact  along  surfaces  which  approximately  fit  each  other,  the 
deviations  from  a  perfect  fit  are  demonstrated  by  bands  of  color 
if  the  surface  of  contact  is  viewed  in  white  light  or  by  alternate 
light  and  dark  bands  if  viewed  in  monochromatic  light.  The 
color  is  due  to  interference  of  light  reflected  from  the  two 
surfaces  said  to  be  in  contact  but  actually  separated  by  a  thin 
film  of  air.  A  change  in  color  is  due  to  a  change  in  thickness  of 
the  air  film  so  that  bands  of  different  colors  indicate  that  the 
surfaces  are  not  entirely  parallel.  If  two  bands  of  the  same 
color  are  visible  the  thickness  of  the  air  film  differs  between 
the  positions  of  those  two  bands  by  one  half  of  a  wave  length, 
about  0.000013  inch.  The  highest  class  of  work  requires  that 
no  change  of  color  be  visible  over  the  whole  area.  Such  a  sur- 
face must,  therefore,  be  truly  spherical  or  plane  to  within,  at 
the  most,  a  quarter  of  a  wave  length  of  light. 

A  surface,  which  by  the  gauge  test,  appears  to  be  perfect  will 
probably  appear  unbelievably  bad  by  the  more  sensitive  test. 
There   are,   of   course,   any   number   of   intermediate   grades. 

Now  the  dift'erence  in  cost  between  these  extreme  grades  or 
classes  of  surface  is  very  large.  The  cost  of  producing  the 
cheapest  surface  can  be  very  accurately  estimated.  The  produc- 
tion of  the  highest  grade  involves  too  much  of  uncertainty  to 
make  accurate  estimates  possible  but  it  is  probably  fifteen  to 
twenty  times  as  costly  as  the  other.  In  view  of  this  fact,  it  is 
not  at  all  surprising  if  requests  for  quotation  on  "absolutely 
perfect"  small  double  convex  lenses  are  productive  of  astonishing 
results. 

The  optical  performance  and  incidentally  the  cost  are  also 
influenced  by  the  accuracy  required  in  thickness,  focal  length, 
diameter  and  centering.  In  a  perfectly  centered  lens,  the  line 
joining  the  centers  of  curvature  of  the  two  surfaces  passes 
through  the  geometrical  center  of  lens. 

Inasmuch  as  glass  is  a  highly  elastic  substance  it  is  very 
difficult  to  produce  and  to  guarantee  the  permanence  of  surfaces 
of  high  grade  on  thin  pieces.  For  first  class  work,  the  thickness 
of  the  glass  must  be  equal  to  at  least  a  tenth  of  the  longest 
dimension  on  the  surface. 

Prisms  are  graded  according  to  surface  quality  and  angle 
accuracy.     Surface  accuracy  is  subject  to  the  same  conditions  as 
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pertain  to  the  surfaces  of  lenses  or  mirrors.  Angle  accuracy 
may  be  demanded  anywhere  from  tolerances  of  ten  minutes  to 
half  of  a  second.  In  regard  to  cost,  there  are  two  groups  with 
slowly  rising  costs  within  the  groups  and  a  big  jump  between 
them.  Taking  the  cost  of  producing  an  angle  accurate  to  within 
ten  minutes  as  a  basis,  it  costs  about  60  per  cent  more  to  reduce 
the  error  to  two  minutes,  and  three  to  four  hundred  per  cent 
more  to  reduce  to  error  to  thirty  seconds.  From  thirty  seconds 
on  the  rate  of  increase  is  slower  again,  approaching  more  the 
rate  from  ten  to  two  minutes  until  the  permitted  tolerance  is 
reduced  to  half  of  a  second.  Beyond  this,  it  is  practically  never 
necessary  to  go. 

It  must  be  obvious  that  a  request  for  prices  on  optical  mat- 
erial without  intelligent  specification  of  the  degree  of  accuracy 
wanted  is  very  difficult  for  the  manufacturer  to  answer.  The 
lamentable  fact  is,  however,  that  very  few  such  inquires  men- 
tion the  matter  at  all  and  those  that  do  generally  employ  such 
expressions  as  "absolutely  flat,"  "absolutely  parallel,"  "perfectly 
centered,"  and  others  all  of  which  are  of  no  value  to  the  manu- 
facturer. "Absolute"  and  "perfect"  are  words  which  have  no 
meaning  in  a  workshop.  It  happens,  as  often  as  not,  that 
these  expressions  are  employed  when,  actually,  the  cheapest 
grade  of  w-ork  would  be  entirely  satisfactory.  If  the  purchaser 
is  unable  to  specify  the  degree  of  accuracy  he  requires  he  can, 
at  least,  state  the  purpose  for  which  the  material  is  required 
and  the  manufacturer  can  then  exercise  his  judgement  in  the 
light  of  his  own  experience. 

DISCUSSION. 
Louis  Bell:  Mr.  Chairman,  I  think  we  are  very  much 
indebted  to  the  author  for  giving  us  a  vivid  idea  of  the  character 
of  the  work  required  in  these  optical  designs  and  in  their  execu- 
tion. It  is  a  thing  which  comparatively  few  people  have  any  con- 
ception of,  and  as  regards  ordinary  usage,  the  ordinary  apparatus 
with  which  the  illuminating  engineer  has  to  deal  in  his  final  work, 
requiring  nice  instruments,  it  is  a  mighty  good  thing  to  realize 
the  difficulties  that  we  are  putting  up  to  our  friends,  the  optical 
constructors,  when  we  ask  for  anything  out  of  the  most  ordinary 
range  of  accuracy. 
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Within  a  very  limited  degree  of  precision,  precision  set  by 
an  optical  gauge,  things  can  be  turned  out  perfectly,  but  as  you 
will  see  from  this  demonstration,  when  it  comes  to  real  precision, 
taking  it  down  to  a  fraction  of  a  wave  length  of  light,  the  troubles 
multiply  indefinitely.  I  might  especially  call  your  attention  to  the 
fact  that  in  lenses  and  lens  sizes,  the  chief  difficulty  from  a  con- 
structional standpoint  comes  when  you  begin  to  ask  for  high 
aperture,  i.  e.,  taking  a  very  short  focal  length,  in  respect  to  the 
aperture.  The  ordinary  telescope  works  at  about  F/15  and  the 
ordinary  photographic  lens  would  work  down  gradually  from  that 
point.     In  the  old  portrait  lenses  they  reached  F/2.5. 

I  believe  there  was  a  lens  put  out  just  before  the  war  by 
Zeiss  that  got  down  to  F/1.5.  I  never  was  able  to  see  one,  but 
I  have  heard  of  it.  The  difficulties,  however,  increase  with 
enormous  rapidity,  as  the  relative  aperture  also  increases,  and 
that  is  why  the  highgrade  photographic  lenses  are  so  troublesome, 
and  expensive  to  make.  Moreover  the  corrections  toward  the 
outside  of  the  field  get  more  and  more  difficult  to  get  with  the 
photographic  lens.  Twenty  or  thirty  degrees  is  easy,  thirty  to 
forty,  difficult,  while  forty  to  fifty  is  decidedly  a  stunt.  As  the 
aperture  still  goes  running  up,  the  practical  size  of  the  field 
constantly  runs  down  so  that  with  a  lens  of  F/2.5,  passable  defini- 
tion can  only  be  obtained  on  a  very  limited  area  and  as  it  is  pushed 
down, further  the  area  gets  smaller  and  smaller  and  smaller. 

The  limitation  lies  not  only  in  the  characteristics  of  the  glass, 
but  also  in  the  fact  that  no  assemblage  of  spherical  surfaces  can 
absolutely  get  rid  of  the  last  spherical  aberrations.  There  is 
always  a  faint  residual  that  is  left  somewhere,  and  the  only  diffi.- 
culty  is  to  keep  that  out  of  range  of  the  region  where  you  want  to 
work. 

Two  hundred  years  ago  and  more,  Descartes  called  attention 
to  the  importance  of  aspherical  curves  in  curing  spherical  aberra- 
tions, and  for  fifty  years  lens  makers,  with  the  crude  means  at 
their  disposal,  did  their  level  best  to  produce  aspherical  surfaces 
to  get  rid  of  the  last  stages  of  spherical  aberrations.  You  can  get 
rid  of  practically  all  of  it  for  most  purposes,  but  in  the  highest 
grade  of  astrophysical  objectives,  the  constructor  is  now  and  then 
driven  to  a  final  aspherical  correction.  In  fact,  some  of  the  dis- 
tinguished workers  in  that  line  go  as  far  as  to  say  that  no  astro- 
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physical  objective  of  the  hij^'hest  quahty  leaves  the  maker's  hands, 
after  they  have  worked  it  down  to  the  last  limit  of  perfection,  with 
all  the  surfaces  truly  spherical. 

Aside  from  that  difliculty,  which  really  pertains  only  to 
attempts  to  get  extra  wide  field,  the  great  outstanding  trouble 
is  the  abolition  of  the  last  trace  of  chromatic  aberration.  We  have 
now,  thank  goodness,  a  group  of  glasses  which  get  rid  of  most  of 
the  so-called  achromatic  combinations  for  telescope.  Now,  as 
a  matter  of  fact,  they  leave  perhaps  fifteen  or  twenty  per  cent 
of  the  outstanding  spectrum  still  doing  business,  and  the  best  of 
them,  in  the  constructions  involving  three  lenses  of  highly  peculiar 
glass,  don't  quite  get  rid  of  it. 

The  great  difficulty  beyond  that  is  the  question  of  getting  a 
flat  field  and  in  telescope  objectives,  the  flat  field  is  never  obtained. 
In  the  astrophysical  objectives  and  some  ordinary  photographic 
ones  we  get  mighty  near  to  a  flat  field,  but  the  curvature  of  the 
field  and  spherical  aberration  is  still  the  constructor's  nightmare, 
and  while  he  may  succeed  over  a  fairly  wide  area,  as  soon  as  he 
attempts  to  stretch  his  limit,  the  flatness  of  the  field  falls  off"  and 
the  definition  disappears.  I  think  some  day  we  possibly  may  get 
even  better  glasses  than  we  have  now  for  the  purpose,  but  I 
mention  these  things  merely  to  point  out  how  formidable  a  task 
the  optical  constructor  has,  and  the  infinite  credit  he  deserves  for 
turning  out  the  lenses  which  are  now  available  for  most  purposes 
for  which  physicists  want  them. 

M.  Poser:  I  have  nothing  to  add  to  Mr.  Rayton's  paper, 
but  there  is  one  point  I  should  like  to  mention,  and  that  is  the 
possibility  of  increasing  the  aperture  of  a  lens  by  making  use  of 
aspheric  surfaces.  Such  lenses  have  been  made,  and  good  results 
obtained,  as  for  instance  in  condensing  lens  systems,  ophthalmic 
lenses,  etc.,  but  when  it  comes  to  the  application  of  aspheric  lenses 
in  highly  corrected  lens  systems,  almost  unsurmountable  diffi- 
culties arise,  and  I  believe  we  are  still  a  long  way  oflF  from  the 
ideal  lens  having  aspheric  surfaces  in  order  to  gain  larger 
aperatures,  and  still  retain  the  high  quality  correction  we  have  to- 
day with  lens  systems  computed  with  spherical  surfaces. 

Dr.  G.  S.  Crampton:  I  would  like  to  ask  Mr.  Rayton  to 
explain  the  inherent  difficulties  in  manufacture  of  parabolic  lenses 
and  mirrors. 
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W.  B.  Rayton  :  There  are  two  difficulties  in  the  production 
of  parabolic  surface  lenses,  one  in  the  building  of  machines  which 
will  generate  parabolic  surfaces  in  the  sense  that  the  grinding 
machines  already' in  existance  generate  spherical  surfaces.  It 
isn't  a  geometric  impossibility  to  generate  a  parabolic  surface, 
but  it  is,  so  far,  practically  impossible  to  build  a  machine  that 
will  grind  and  polish,  especially  polish,  parabolic  surfaces  of 
anything  like  the  degree  of  quality  that  we  can  get  on  spherical 
surfaces. 

The  second  difficulty  lies  in  devising  an  easy  and  satisfac- 
tory method  of  testing  the  surface.  The  method  that  I  attempted 
to  show  you  by  projection,  provides  a  very  sensitive  means  for 
testing  spherical  surfaces.  Test-glasses,  so-called,  can  be  pro- 
duced to  any  desirable  degree  of  accuracy  of  surface.  Although 
we  may  not  know  the  absolute  radius  of  curvature  we  do  know 
that  their  surfaces  are  truly  spherical.  The  fitting  of  one  of 
these  test-glasses  to  a  lens  surface  is  generally  accomplished  by 
a  sliding  motion  which  is  possible  in  the  case  of  spherical  surfaces 
but  impossible  in  the  case  of  parabolic  surfaces.  If  we  made  a 
parabolic  test  glass,  it  would  fit  the  paraboloid  to  be  tested  only 
when  the  axes  of  the  two  paraboloids  coincided.  The  least  motion 
one  way  or  another  throws  it  out  of  contact. 

We  are  quite  successful  in  making  shallow  parabolic  surfaces 
for  searchlights ;  such  surfaces  deviate  from  the  spherical  by 
only  a  slight  amount.  For  grinding  and  polishing  strong,  deep 
parabolic  surfaces  it  must  be  said  that  the  technique  is  not  yet 
developed.  It  may  come  in  time.  Whatever  can  be  said  of  para- 
bolic surfaces  can  be  said  with  ten  times  the  emphasis,  for  aspher- 
ical  surfaces  in  general.  The  parabola  is,  at  least,  a  well-know^n 
geometrical  form  expressible  by  a  fairly  simple  equation. 

The  aspherical  surfaces  which  have  been  mentioned  are  not 
conic  sections,  nor  are  they  very  often  expressible  by  an  equation, 
no  matter  how  complicated.  You  can  easily  surmise  the  difficulties 
presented  by  such  cases. 

Louis  Bell,  :  I  might  perhaps  sum  up  some  of  the  diffi- 
culties of  a  spherical  surface  by  quoting  a  remark  of  Sir  Isaac 
Newton  in  a  letter  when  the  subject  of  parabolic  mirrors  was 
under  discussion.     Sir  Isaac  remarked,  with  great  truth,  that 


OPTICAL    MATERIAL  45^ 

there  was  no  geometrical  way  of  grinding  a  paraboloid,  but  he 
had  some  idea  that  perhaps  a  machine  could  be  developed  to  do 
it ;  and  he  feared  the  production  of  parabolic  surfaces  to  be  an 
operation  of  so  great  difficulty  that  he  absolutely  threw  up  the 
notion  in  the  construction  of  telescopes  and  adhered  to  spherical 
curves. 
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ILLUMINATION  AND  TRAFFIC  ACCIDENTS* 


STATISTICS  FROM  THIRTY-TWO  CITIES. 


BY  EARE  A.  ANDERSON  AND  O.  F.  HAAS** 


The  seriousness  of  accident  hazard  on  streets  of  American 
cities  as  a  factor  to  be  reckoned  with  in  every  day  Hfe  becomes 
evident  from  even  a  casual  inspection  of  statistics  which  show 
the  losses  incurred  in  this  continuous  waste  of  Hfe,  time  and 
property.  For  example,  in  a  recent  paper  Simpson^  gave  figures 
showing  25,000  fatal  industrial  and  2,000,000  total  industrial 
accidents  annually  causing  lost  time  of  a  total  cost  of 
$2,000,000,000  or  a  cost  averaging  $i,ooo  per  accident.  The  total 
annual  fatal  accidents  from  all  causes  including  industrial  are 
estimated  to  be  75,500  from  statistics  compiled  by  Dr.  Crum,- 
and  of  these  approximately  7,800  are  railway  and  15,500  are 
street  traffic  accidents.  Therefore,  the  loss  of  life  in  traffic  ac- 
cidents is  twice  as  great  as  in  railway  accidents  and  equal  to 
over  half  the  total  industrial  loss. 

As  to  an  evaluation  of  the  annual  personal  and  property 
loss  from  automobile  accidents  in  terms  of  money,  Dr.  Crum 
states  that  while  an  accurate  computation  is  not  possible,  the 
annual  sacrifice  is  fully  $1,000,000,000.  This  figure  appears  very 
reasonable  when  one  considers  that  in  the  survey  of  traffic  ac- 
cidents numbering  800  fatalities  reported  in  this  paper  there  are 
31,000  other  accidents  of  sufficient  severity  to  be  reported  to  the 
police  and  that  personal  injuries  were  sustained  in  approximately 
one-half  of  these  cases. 

To  the  development  of  high  speed  traffic  brought  about  by 
the  very  extensive  adoption  of  automobiles  must  be  charged 
practically  all  of  the  increase  in  street  traffic  accidents.     In  1906 

*A  paper  presented  at  the  Annual  Convention  of  the  Illuminating  Engineering 
Society,  Rochester,  N.  Y.,  September  26-29,  1921- 

♦♦Engineering  Department,  National  I,amp  Works  of  General  Electric  Co.,  Cleve- 
land, O. 

'R.  E.  Simpson,  Travelers  Insurance  Company — I.  E.  S.  Transactions,  Vol.  XV — 
No.  8. 
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there  were  less  than  400  deaths  in  the  United  States  from  auto- 
mobile accidents,  while  in  1920  the  total  was  greater  than  10,000, 
representing  an  increase  of  2500  i>er  cent.  Further,  as  shown 
by  the  curve  of  Fig.  i,  this  total  is  mounting  steadily.     In  recent 
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years  efforts  have  been  directed  toward  reducing  the  accident 
rate  by  more  stringent  traffic  regulations  and  by  widespread 
educational  publicity  work  on  the  part  of  safety  organizations 
Definite  evidence  of  the  value  of  such  safety  measures  may  be 
seen  in  statistics  which  show  a  check  in  the  growth  of  the  ac- 
cident rate  in  those  cities  and  localities  where  the  most  careful 
attention  has  been  given  to  the  development  of  accident  preven- 
tion efforts. 

The  figures  presented  by  Dr.  Crum  show  that  at  least  two- 
thirds  of  all  traffic  accidents  have  occurred  in  cities  of  10  000 
inhabitants  or  more  and  on  this  basis  it  would  appear  that' the 
traffic  accident  problem  is  of  greatest  immediate  importance  in 
these  larger  communities.  It  is  worthy  of  note,  however  that 
the  increasing  amount  of  inter-city  touring  has  brought  a  heavy 
highway  traffic  to  villages  of  even  the  smallest  size  and  it  is 
therefore,  apparem  that  even  in  smaller  communities  public  <;afety 
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demands  an  increased  attention  toward  means  for  reducing  the 
street  traffic  accident  hazard. 

The  purpose  in  instituting  the  survey  reported  in  this  paper 
was  to  obtain,  if  possible,  some  definite  measure  of  the  value 
which  should  be  attributed  to  the  proper  illumination  of  streets 
as  a  factor  in  the  prevention  of  traffic  accidents.  In  order  to 
obtain  as  high  a  degree  of  uniformity  as  possible  in  the  collection 
of  the  data,  blank  forms  were  prepared  providing  for  a  charting 
of  all  traffic  accidents  in  a  given  city  during  the  period  of  one 
year  and  for  distributing  them  as  to  the  month  and  hour  of  the 
day  at  which  each  occurred,  with  notations  as  to  whether  or  not 
the  accident  resulted  in  a  fatality.  A  representative  group  of 
cities  was  selected  and  individuals  in  each  who  were  known  to  be 
interested  in  problems  of  public  safety  were  requested  to  arrange 
for  the  tabulation  of  the  data.  The  work  of  tabulating  accidents 
from  the  city  records  was  often  tedious  on  account  of  the  way 
in  which  the  accident  reports  were  filed.  In  some  instances  the 
accident  data  were  not  available.  The  very  cordial  response  to 
the  request  for  cooperation  in  this  survey  is,  however,  attested 
by  the  fact  that  tabulated  reports  in  form  to  be  directly  applied 
were  obtained  from  32  cities  with  a  combined  population  of  over 
7,000,000.  From  each  of  these  cities  the  report  covered  a  full 
year's  accidents ;  in  most  cases  during  the  period  from  the  middle 
of  1919  to  the  middle  of  the  year,  1920.  The  names  of  the 
cities  and  an  abbreviated  summary  of  the  data  for  each  city  are 
given  in  the  accompanying  tabulations.  The  total  number  of  street 
traffic  accidents  reported  for  one  year  in  these  32  cities  was 
31,475  of  which  9,534  or  30.3  per  cent  occurred  during  hours  of 
darkness.  It  was  anticipated  that  there  might  be  considerable 
variations  in  conditions  existing  in  individual  cities  located  in 
different  states  and  it  was,  therefore,  particularly  desired  to  ob- 
tain a  sufficiently  diverse  group  of  cities  including  a  large  enough 
total  of  population  to  give  the  presumption  of  a  reasonable  degree 
of  accuracy  in  the  results. 

The  31,475  traffic  accidents  are  charted  in  Fig.  2,  according 
to  the  total  number  during  each  month.  In  certain  cities  special 
local  influences,  such  as  an  excess  of  traffic  at  some  one  season  of 
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the  year,  changed  the  distribution  of  accidents  considerably  but 
in  most  cases  the  individual  reports  adhered  to  the  trend  shown 
by  the  average  curve  in  Fig.  2.  At  first  thought  it  is  somewhat 
surprising  to  note  that  there  were  a  greater  number  of  accidents 
in  the  Summer  months  than  in  Winter  as  there  are  a  number  of 
influences  which  tend  to  increase  the  hazard  in  Winter,  such  as 
stonny  foggy  weather,  slippery  streets,  and  the  impediment  of 
heavy  clothing.  However,  as  a  matter  of  fact,  the  traffic  is  so 
much  greater  during  Summer  months  than  in  Winter  that  even 
in  spite  of  the  unfavorable  conditions  in  Winter  the  accidents 
are  more  in  the  Summer  than  in  the  Winter  months  in  most  cities. 
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The  total  accidents  reported  for  the  year  are  charted  in  Fig. 
3,  according  to  the  hour  of  the  day  during  which  they  occurred. 
This  chart  also  shows  the  apparent  importance  of  density  of 
traffic  as  a  factor  in  causing  accidents.  It  will  be  noted  that 
relatively  few  accidents  are  reported  in  the  hours  from  i  to  7 
o'clock  in  the  morning,  the  period  of  the  day  in  which  street 
traffic  is  least.  On  the  other  hand,  the  accident  rate  becomes 
greatest  in  the  hour  from  5  to  6  in  the  afternoon  when  in  practi- 
cally every  city  the  streets  are  congested  with  the  home-going 
population  from  offices,  stores  and  factories. 
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An  obvious  and  simple  way  of  determining  how  many  of 
the  9,534  accidents  which  occurred  after  dark  would  have  been 
avoided  had  daylight  or  its  equivalent  been  available,  is  to  com- 
pare the  accidents  which  occurred  during  the  hours  in  the  evening 
which  were  daylight  in  Summer  with  the  number  of  accidents 
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Fig-.  3 — Traffic  Accidents  by  Hours. 

vvhich  occurred  during  the  same  hours  in  Winter  when  because 
of  the  shortness  of  the  day  it  was  dark.  Consultation  of  tables 
of  sunrise  and  sunset  applying  to  the  different  cities  involved  in- 
dicated that  the  hours  6  to  8  p.  m.  were  the  two  hours  of  the  day 
which  are  fully  light  in  the  months  of  May,  June  and  July  and 
entirely  dark  during  the  months  of  November,  December  and 
January. 

It  is  evident,  however,  that  a  ratio  between  the  accidents  oc- 
curring from  the  hours  6  to  8  p.  M.  in  Summer  as  against  the 
number  that  occur  during  the  corresponding  hours  in  Winter 
would  not  directly  show  the  influence  of  light  because  of  the 
numerous  other  variables  referred  to  above  which  have  an  in- 
fluence that  must  be  taken  into  account. 

Fortunately  the  accident  statistics  for  the  hours  of  the  day 
which  are  light  in  both  Summer  and  Winter  or  which  are  dark  in 
both  Summer  and  Winter  offer  a  convenient  means  for  determin- 
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inj,'  a  correction  factor  to  take  into  account  the  variables  other 
than  hijht  which  effect  the  number  of  traffic  accidents  in  Winter 
and  Summer.  The  periods  of  3  to  5  p.  m.  and  9  to  ii  p.  m.  are 
the  logical  selections  because  of  their  adjacency  and  the  conse- 
(|ucnt  similarity  of  traffic  to  that  in  the  6  to  8  P.  m.  period.  In 
the  accompanying  tabulation  are  shown  the  data  on  accidents  by 
cities  and  the  totals  for  the  respective  periods  of  3  to  5  p.  m.,  6 
to  S  p.  M.  and  9  to  1 1  i*.  m.,  separated  so  as  to  show  the  number  of 
accidents  during  these  hours  in  the  "Summer"  months  of  May, 
June  and  July,  and  die  "Winter"  months  of  November,  December 
and  January  combined. 

i<.eferriiig  to  the  totals  in  the  tabulation,  and  taking  first 
the  hours  from  3  to  5  p.  m.  which  are  daylight  in  both  Summer 
and  Winter,  the  number  of  accidents  are  found  to  total  1429  in 
Summer  and  1095  in  Winter.  The  winter  accidents  from  3  to  5 
p.  M.  are,  therefore,  76.6  per  cent  of  the  summer  total.  Con- 
sidering next  the  totals  for  the  period  of  9  to  11  p.  m.  which 
is  dark  both  in  Summer  and  Winter,  it  is  noted  that  the  accidents 
are  respectively  740  and  495.  The  winter  accidents  from  9  to  11 
p.  M.  are,  therefore,  66.9  per  cent  of  the  Summer  total.  If  these 
two  percentages  of  77.6  and  66.9  are  averaged  it  Is  indicated  that 
for  the  group  of  cities  in  this  survey,  traffic  conditions  are  such 
that  excluding  the  influences  of  illumination  the  Winter  accident 
rate  in  the  afternoon  and  evening  is  approximately  71.8  per 
cent  of  the  Summer  accident  rate. 

Considering  next  the  period  of  6  to  8  p.  m.  which  in  Summer 
is  daylight,  there  is  shown  a  total  of  i,2(X)  accidents  in  the  32 
cities  during  the  three  months  of  May,  June  and  July.  Hence, 
applying  the  average  percentage  of  Winter  to  Summer  accidents 
(71.8  per  cent)  determined  as  above*  it  would  be  anticipated  that 
in  the  three  "Winter"  months  of  December,  January  and  Febru- 
ary, there  would  be  862  (71.8  i)er  cent  of  1200)  accidents 
during  the  hours  of  6  to  8  o'clock  p.  m.     However,  the  survey 

•The  percentage  for  6  to  8  r.  u.  actually  is  probably  nearer  the  9  to  11  r.  m. 
figure  of  66.9  per  cent  than  the  average  of  71.8  per  cent  since  both  periods  are  dur- 
ing the  evening  hours.  However,  the  more  conservative  figure  is  used.  Had  66.9 
per  cent  been  used  the  computed  percentage  of  accidents  due  to  lack  of  light  would 
have  been  33.3  per  cent. 
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shows  a  total  of  1046  accidents  to  have  actually  occurred  during 
these  hours  in  the  three  Winter  months  or  184  more  than  antici- 
pated provitled  there  had  been  the  same  ctTectiveness  of  illumina- 
tion in  the  Winter  months  as  in  Summer.  Hence,  there  is  the 
strongest  evidence  that  184  accidents  or  17.6  per  cent  of  all  those 
at  night  must  be  attributed  to  the  lack  of  li},dit  during  the  winter 
months.  Applying  this  same  percentage  to  the  9534  accidents 
which  occurred  after  dark  in  the  ^2  cities  covered  by  this  survey 
it  appears  that  1678  would  have  been  avoided  if  adequate  illumi- 
nation had  been  provided. 

Assuming  that  the  same  proportion  of  day  and  night  acci- 
dents which  was  found  to  exist  in  this  survey  holds  in  all  cities, 
last  year  there  must  have  been  out  of  the  total  of  10,640  killed, 
^:22^  deaths  from  night  automobile  accidents  and  17.6  per  cent 
of  these,  or  567  were,  therefore,  directly  attributable  to  lack  of 
sutticient  illumination.  In  addition  to  this  loss  of  life  a  similar 
computation  shows  that  the  very  substantial  amount  of 
$54,000,000  of  the  billion  dollar  annual  street  accident  loss  esti- 
mated by  Dr.  Crum  may  also  be  attributed  to  lack  of  light.  Ac- 
cording to  census  reports  the  total  expenditure  for  street  lighting 
in  the  United  States  is  not  in  excess  of  $50,000,000. 

The  percentage  of  17.6  arrived  at  as  the  proportion  of  night 
accidents  which  may  be  attributed  to  lack  of  light  is  undoubtedly 
an  extremely  conservative  figure  to  use  in  evaluating  the  use- 
fulness of  illumination  in  preventing  trafi'ic  accidents,  for,  as  a 
matter  of  fact,  the  streets  of  all  of  the  cities  covered  in  the 
foregoing  survey  were  illuminated  at  night  by  artificial  lighting 
of  varying  degrees  of  effectiveness.  In  an  individual  city  where 
the  need  for  better  street  lighting  is  especially  evident  the  percent- 
age of  night  accidents  chargeable  to  the  lack  of  light  is  likely  to 
run  as  high  as  50  per  cent.  On  the  other  hand,  in  the  case  of 
those  districts  where  fairly  high  levels  of  artificial  street  lightinsr 
are  provided  by  so-called  VVhite  Way  systems,  the  percentage  of 
night  accidents  chargeable  to  lack  of  illumination  can  be  said  to 
be  fairly  low.  It  was  hoped  to  have  data  from  this  survey  to 
show  the  difference  but  it  was  not  found  practical  to  separate 
the  statistics  for  the  better  lighted  sections  in  a  sufficient  number 
of  cases  to  arrive  at  an  average  figure. 


460         TRANSACTION  I.  E-  S.        VOL.  XVI,  NO.  8,  NOV.  20,  I92I 

While  in  the  present  state  of  the  art  it  is  not  practical  to 
provide  artificial  street  lighting  approaching  actual  daylight 
levels  it  is  entirely  feasible  to  increase  the  quantity  of  light  to  a 
level  from  3  to  lo  times  as  high  as  that  provided  by  average  ex- 
isting systems,  and  when  this  is  done  with  properly  installed 
equipment  it  may  be  confidently  expected  that  a  large  measure 
of  the  benefit  of  light  in  reducing  accidents  will  be  secured. 

It  is,  perhaps,  pertinent  to  emphasize  that  these  higher 
levels  of  artificial  street  illumination,  the  expenditure  for  which 
is  so  amply  justified  as  an  accident  prevention  measure,  have 
many  other  important  advantages  in  contributing  very  greatly 
to  the  prevention  of  crime,  to  the  comfort  and  convenience  of  all 
those  traversing  the  streets,  and  to  commercial  and  industrial 
progress. 

Modern  illuminating  engineering  has  been  of  great  assistance 
economically  in  making  possible  "double  shift"  operation  of 
industrial  plants,  thereby  in  many  cases  reducing  the  overhead 
charges  on  the  investment  in  plant  and  machinery  by  as  much  as 
one-half.  In  the  development  of  a  level  of  street  lighting  such 
as  will  enable  night  traffic  at  the  same  density,  speed,  convenience 
and  safety  as  by  day,  there  is  offered  a  similar  important  oppor- 
tunity for  community  economy.  Large  as  the  expenditures  are 
already  for  improved  thoroughfares  and  highways,  engineers 
estimate  that  at  the  present  rate  of  traffic  growth  duplicate  road- 
ways must  be  built  very  soon  in  many  districts.  This  conges- 
tion, however,  will  be  greatly  relieved  and  the  time  when  dupli- 
cate road  construction  is  required  will  be  postponed  for  years 
in  many  cases  provided  a  larger  proportion  of  the  traffic  can  be 
diverted  from  the  crowded  day  hours.  In  line  with  this,  Mr. 
Arthur  Williams,  of  New  York,  recently  presented  a  paper  in 
which  reductions  as  great  as  one-half  in  trucking  cost  were  esti- 
mated to  be  possible  by  the  increased  utilization  of  equipment  and 
terminal  facilities  and  the  avoidance  of  traffic  delays  by  the  use 
of  streets  during  the  less  congested  night  hours.  It  is  apparent 
that  the  density  of  traffic  which  would  result  from  such  a  "double 
shift"  utilization  of  thoroughfares  and  highways  would  greatly 
increase  the  total  of  night  accidents.  Furthermore  the  greater 
density  of  traffic  at  night  would  undoubtedly  result  in  a  larger 
proportion  than  17.6  per  cent  of  the  accidents  being  chargeable 
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to  lack  of  light,  unless  adaquate  street  lighting  is  provided.  But 
the  annual  cost  to  the  community  of  lighting  entirely  sufficient 
for  safe  and  convenient  night  traffic  is  small  indeed  compared 
with  the  construction  and  maintenance  cost  of  the  additional 
roadways  which  will  otherwise  be  required.  In  conclusion  the 
authors  wish  to  acknowledge  indebtedness  to  Mr.  Ward  Harri- 
son for  valuable  suggestions  in  connection  with  the  survey  re- 
ported in  this  paper. 

DISCUSSION 

A.  F.  DiCKERSON  :  I  think  this  paper  will  be  very  valuable 
particularly  in  selling  street  illumination  or  rather  selling  the 
idea  of  street  illumination,  and  I  am  sure  it  could  well  be  used 
by  the  Society  for  Electrical  Development,  and  the  National 
Electric  Light  Association.  In  my  own  locality,  Schenectady, 
the  majority  of  our  accidents  have  been  on  the  highways  leading 
into  the  city  and  by  far  most  of  the  fatal  accidents  have  been  at 
night.  I  recently  read  that  on  one  stretch  of  highway,  just  out 
of  Schenectady,  last  year  there  were  seventy  serious  accidents 
resulting  in  eleven  deaths.  The  coroner  refers  to  this  as 
"Death's  Highway,"  and  every  effort  has  been  made  to  reduce 
accidents  by  regulating  the  speeds,  and  recently  there  has  been 
installed  an  improved  highway  lighting  system.  This  system  of 
highway  lighting  has  been  in  use  now  for  about  two  months,  and 
no  serious  accidents  have  been  reported  at  night  on  this  particular 
stretch  of  roadway  since  it  has  been  in  operation. 

The  solution  of  highway  lighting,  we  feel,  is  to  make  the 
highway  so  well  illuminated  that  the  bright  lights  on  the  auto- 
mobiles can  be  cut  out,  that  is,  the  automobiles  travel  at  high 
speeds  on  dim  lights.  At  the  present  time,  we  are  making  tests 
to  determine  just  how  far  we  can  decrease  this  illumination  in 
order  to  light  economically  a  highway.  Fixtures  have  been  made 
which  distribute  three  or  four  times  as  much  light  on  the  road 
surface  as  ordinary  street  lighting  fixtures,  and  we  feel  that  on 
the  congested  highways,  at  least,  communities  can  well  afford  to 
pay  the  bill  for  this  lighting.  I  should  estimate  that  such  lighting 
would  cost  in  the  neighborhood  of  seven  or  eight  hundred  dollars 
per  mile  per  year. 
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Tn  my  opinion  it  is  the  duty  of  this  Society  to  make  a  study 
of  highway  Hghting  and  I  hoj:)e  that  if  any  of  you  have  data  on 
this  subject  you  will  send  it  to  me  or  to  the  Society's  headquarters, 

L.  C.  PoRTKK :  One  of  the  things  which  will  go  a  long  way 
towards  reducing  these  highway  traffic  accidents  is  the  introduc- 
tion of  the  flashing  highway  crossing  signal.  No  matter  how 
good  your  street  lighting,  unless  there  is  some  characteristic 
signal  at  crossings  and  dangerous  places,  many  people  will  fail 
to  slow  up  or  to  realize  that  there  is  a  dangerous  location.  A 
number  of  installations  of  these  crossing  signals  have  been  made 
in  places  where  there  were  previously  fixed  lights  and  where  the 
fixed  lights  were  smashed  into  time  and  again  by  automobiles. 
When  a  flashing  light  was  set  up  as  a  crossing  signal,  the  number 
of  times  that  it  was  hit  was  very  greatly  reduced.  In  a  great  many 
cases,  where  there  are  congested  crossings,  the  municipality  can- 
not afford  to  maintain  a  traffic  officer,  but  in  those  places,  one 
of  the  flashing  highway  crossing  signals  can  be  installed  at 
relatively  low  expense,  and  its  maintenance  is  almost  negligible. 
The  signal  will  operate  over  a  period  of  a  year  without  attention 
and  is  effective. 

These  highway  crossing  signals  have  taken  two  forms :  one 
for  use  in  cities  where  the  signal  is  equipped  with  a  round  diffus- 
ing globe  of  not  very  high  intensity,  and  is  visible  from  all  direc- 
tions. Out  along  the  main  highways  outside  of  the  cities  the 
signals  are  equipped  with  lenses,  generally  red  lenses,  which  can 
be  seen  for  a  long  distance  down  the  street  and  they  are  very 
effective.  A  system  of  colors  has  been  worked  out;  green  for 
cross  roads,  red  for  railroad  dead  ends,  etc.,  and  the  head-ons 
will  carry  route  numbers. 

The  railroads  are  taking  up  the  lighted  crossing  signal  in 
place  of  the  old  crossing  bell.  The  crossing  bell  was  adequate  in 
the  time  of  the  horse  and  vehicle,  but  to-day  it  is  not  adequate 
when  you  are  coming  down  the  road  thirty  or  forty  miles  an  hour. 
You  do  not  hear  the  bell.  With  some  types  of  automobiles  you 
can  not  hear  it  when  you  are  close  to  it,  but  a  read  flashing  light  is 
effective.    You  can  not  help  but  see  it  and  take  warning  from  it. 

C.  M.  Masson  :  In  my  capacity  as  illuminating  engineer  for 
Southern  California  Edison  Company  of  Los  Angeles,  I  am  often 
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called  into  consultation  by  eng^inecrs  of  the  Automobile  Club  of 
Southern  California.  The  Club  has  a  membership  of  50,000 
automobile  owners  and  with  an  income  of  $50,000  per  month 
from  dues,  the  Club  has  set  aside  a  fund  for  installing  all  kinds 
of  signals.  It  is  now  proposed  to  install  at  least  two  dozen  flash- 
ing danger  signals  throughout  Southern  California  under  Edison 
lines  and  two  of  them  which  have  been  installed  and  operating 
are  giving  good  satisfaction. 

We  have  heard  from  many  sources  that  the  signals  are  serv- 
ing the  purpose  of  causing  motorists  to  slow  up,  and  that,  of 
course,  is  one  of  the  greatest  preventatives  of  accidents  that  we 
can  possibly  expect  to  have.  It  has  been  a  pleasure  to  report  here 
that  Mr.  Porter's  good  suggestion  has  already  been  carried  out 
in  California.  I  shall  be  glad  to  let  the  Society  know  what  we  are 
doing  in  this  line  if  it  would  be  valuable  for  members  to  know 
about   it. 

E.  L.  Elliott:  I  want  to  ask  if  either  one  of  the  last 
speakers  can  describe  very  briefly  how  these  flashing  signals 
operate. 

L.  C.  Porter  :  The  flashing  signal  as  first  put  out  consisted 
of  gas  burner  operated  from  compressed  gas  tank  with  a  valve 
which  would  turn  on  the  gas  full  and  then  turn  down  so  that  there 
would  simply  be  a  pilot  flame  burning,  and  then  turn  it  up  again. 
Those  tanks  w^ere  installed  in  steel  casings  and  generally  mounted 
on  concrete  and  fitted  as  I  stated,  in  cities,  with  a  globe,,  and 
along  highways  with  a  lens.  Recently,  the  electric  lamp  has 
entered  that  field  and  crossing  signals  are  being  built,  using  low 
wattage  lamps  operated  from  low  voltage  primarj-  batteries. 
These  signals  have  a  number  of  advantages  over  the  gas  signals 
which  are  all  most  obvious. 

There  is  under  development  a  sun  valve  to  reduce  the  in- 
tensity of  the  lamps  at  night  so  that  the  signal  can  be  made  eflfec- 
tive  both  by  day  and  by  night.  A  signal  that  is  sufficiently  bril- 
liant to  be  eflfective  in  day  time  might  become  glaring  at  night. 

Ward  Harrison  : — In  many  cities  the  people  residing  outside 
the  main  business  district  have  to  share  the  cost  of  an  ornamental 
or  "White  Way"  lighting  system,  and  they  are  properly  told  that 
such  lighting  not  only  adds  to  the  attractiveness  and  reputation 
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of  their  city,  but  actually  reduces  traffic  accidents.  Mr.  Haas 
emphasized  one  chart  in  the  paper  which  shows  the  very  direct 
relation  between  density  of  traffic,  which  is,  of  course,  greater  in 
the  business  section,  and  number  of  accidents.  This  chart  bears 
out  the  point  that  higher  levels  of  illumination  in  this  congested 
territory  are  desirable  from  the  accident  hazard  standpoint. 

If  I  may  digress  just  a  little,  I  would  like  to  have  you  think 
of  street  lighting  from  still  another  angle — that  is,  its  possible 
effect  in  the  reduction  of  crime.  Early  in  the  year  1916  a  high- 
intensity  ornamental  lighting  system  consisting  of  lanterns 
equipped  with  1000  candlepower  and  1500  candlepower  incandes- 
cent lamps,  spaced  approximately  85  feet  apart  on  each  side  of 
the  street,  was  installed  in  the  more  important  district  of  the 
business  section  of  Cleveland.  Although  the  possible  effect  of  the 
improved  illumination  in  reducing  crime  was  but  a  secondary 
consideration  at  the  time  of  the  installation,  the  widespread  in- 
crease in  the  last  few  years  in  such  crimes  as  assaults,  hold-ups 
and  automobile  thefts,  has  focused  the  attention  on  methods  by 
which  the  crime  situation  could  be  remedied.  It  was  with  the 
thought  of  determining  just  what  effect  light  had  on  the  elimina- 
tion of  crime  that  a  survey  was  made  in  Cleveland  of  the  crimes 
committed  both  in  the  city  as  a  whole  and  in  the  "White  Way" 
district.  More  than  1000  cases  of  hold-up,  assault  to  rob,  burglary 
(buildngs  entered  from  the  front,)  automobile  theft,  pocket 
picking,  etc.,  were  included  in  this  study  of  the  Police  Department 
records. 

It  was  found  that  90  per  cent  of  these  crimes  took  place  after 
dark.  Furthermore,  before  the  new  lighting  was  installed,  seven- 
teen out  of  every  hundred  of  the  crimes  were  committed  in  the 
small  down  town  area  designated  as  the  "White  Way"  district, 
which  embraced  less  than  i  per  cent  of  the  street  milage  of  the 
city.  Street  crimes  committed  after  dark  during  the  months  of 
October,  November  and  December  of  the  year  19 16,  after  the 
new  lighting  was  installed,  were  compared  with  the  corresponding 
months  of  the  previous  year  so  that  the  possible  effect  of  the 
increased  lighting  as  a  deterrent  to  crime  might  be  determined. 
In  this  connection  it  will  be  recalled  that  1916  saw  the  virtual 
beginning  of  the  crime  wave  and  that  crime  was  increasing  by 
leaps  and  bounds  in  all  sections  of  the  country.     In  Cleveland  in 
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the  areas  outside  of  the  "White  Way"  district  street  crimes  com- 
mitted after  dark  increased  54  per  cent  over  1915,  however  crimes 
in  tlie  "White  Way"  district  actually  decreased  8  i)er  cent  in 
comparison  with  191 5.  In  other  words,  crimes  in  the  business 
section  of  Cleveland  in  the  year  1916  were  only  60  per  cent  of 
what  niif^Mit  well  have  been  expected  had  no  change  been  made  in 
the  lighting. 

Norman  Macbeth  :  I  believe,  as  Mr.  Porter  brought  out, 
that  many  accidents  are  caused  by  failing  to  locate  the  intersecting 
streets.  I  was  in  Toronto  a  few  months  after  their  resident 
street  lighting  was  made  a  few  years  ago.  Their  automobile  acci- 
dents had  increased  tremendously.  This  in  my  opinion  was  not 
due  to  lack  of  adequate  lighting  or  glare.  The  illumination  of 
the  roadway  was  so  apparently  uniform  and  of  a  sufficient  intensity 
to  be  effective.  On  the  basis  of  our  present  discussion  it  was 
too  good.  When  a  driver  saw  a  clear,  well  lighted  street  ahead, 
he  just  naturally  speeded  up,  and  the  other  driver  on  an  intersect- 
ing street  likewise  saw  his  way  clear  for  several  blocks  ahead ; 
and  if  timed  rightly  these  two  cars  just  had  to  come  together. 
Accidents  could  hardly  be  avoided,  and  because  of  this  fact,  local 
engineers  were  endeavoring  to  decide  upon  some  simple,  definite 
street  intersecting  mark, — a  kind  of  multi-colored  globe,  the  colors 
of  which  would  be  effective  with  the  largest  percentage  of  par- 
tially color  blind  drivers, — a  danger  signal  and  distinct  street 
corner  signal  that  would  be  reasonably  effective. 

Adequate  street  lighting,  as  it  is  understood  to-day,  will  not 
in  my  opinion  justify  any  guarantee  as  to  the  lessening  of  auto- 
mobile accidents  unless  the  street  intersections  are  also  definitely 
indicated. 

E.  L.  Elliott  :  I  worked  some  little  time  a  year  ago  on  a 
very  similar  problem  of  protecting  grade  railroad  crossings  and 
came  in  contact  with  the  signal  engineers  of  the  New  York  Central 
and  New  Haven  road  who  probably  have  had  as  much  experience 
in  that  line  as  anyone.  The  insufficiency  of  simply  hanging  up  a 
red  light  is  one  of  the  problems ;  people  get  used  to  seeing  a 
red  light  and  do  not  take  notice  of  it.  The  railroad  authorities 
have  never  been  able  to  win  in  court  on  the  ground  that  a  red  light 
was  displayed  ;  the  courts  have  always  held  that  it  is  not  a  sufticient 
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warning.  Of  course,  the  objection  to  the  ringing  signal  is  evident. 
What  the  railroads  want  is  not  a  simple  light,  or  symbol,  but  an 
actual  sign  with  the  word  "Stop"  on  it,  such  as  a  gateman  holds  up 
for  you  to  read.  The  same  thing  applies  to  street  crossings  for 
the  prevention  of  automobile  accidents ;  some  method  of  display- 
ing a  luminous  sign  with  the  word  "Stop,"  "Dangerous,"  or  what- 
ever legend  will  best  serve  as  a  warning,  would  be  much  more 
effective  than  any  mere  colored  light,  or  symbol. 

L.  C.  Porter:  This  seems  to  be  a  new  subject.  Mr. 
Elliott  has  brought  out  an  interesting  point  and  I  would  say  on 
some  of  these  signals  which  have  been  developed,  flashing  signals, 
there  are  words  on  them.  If  one  sees  a  flashing  red  light  one  will 
stop,  whereas,  as  has  been  pointed  out,  often  one  does  not  stop 
with  a  fixed  light.  Where  the  railroads  are  operating  these 
signals  at  their  grade  crossings,  they  are  operating  them  through 
relays  so  the  signal  starts  to  flash  on  the  approach  of  a  train  and 
stops  when  the  train  has  passed.  At  the  street  crossing  or  the 
highway  crossing,  the  signal  operates  all  the  time,  twenty-four 
hours  a  day. 

E.  A.  Anderson  :  Several  have  discussed  the  use  of  danger 
signals  to  prevent  traffic  accidents,  and  I  believe  that  it  is  generally 
accepted  that  such  signals,  flashing  or  otherwise,  are  extremely 
valuable  in  indicating  those  special  danger  points  where  the  driver 
must  proceed  cautiously  or  come  to  a  full  stop.  A  most  necessary 
function  of  good  street  illumination  on  thoroughfares,  however, 
is  to  permit  the  traffic  to  move  not  only  safetly  but  rapidly  as  well 
in  order  to  avoid  congestion.  There  is  the  further  point  that  a  too 
frequent  use  of  danger  signals  tends  to  lead  to  indifference.  As 
a  matter  of  fact,  therefore,  a  thoroughly  satisfactory  artificial 
lighting  system  for  thoroughfares  must  provide  for  a  fairly  high 
level  of  general  street  illumination  with  an  addition  of  danger 
signals  for  locations  where  unusual  caution  is  required. 

Mention  was  made  of  the  desirability  of  a  sign  spelling  out 
the  word  "S-T-O-P"  or  some  equivalent  as  preferable  to  a  red 
light  for  a  danger  signal.  In  Cleveland  a  lighted  red  cross 
mounted  perhaps  fifteen  feet  above  the  pavement  is  used  to  desig- 
nate certain  thoroughfare  crossings  and  is  quite  effective.  One 
of  the  oldest  methods  for  signaling  traffic  is  the  use  of  a  parti}- 
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red  ^lobe  on  the  street  lamp,  in  the  attempt  to  have  the  street  lamp 
serve  the  dual  purpose  of  providiuj,'  illumination  and  signaling 
danger.  Experience  has  shown,  however,  that  at  any  great 
distance  the  red  band  does  not  stand  out,  as  the  eye  integrates  the 
entire  light  source  and  the  appearance  of  the  globe  is  the  equivalent 
of  a  slightly  orange  tone.  It  is  apparently  necessary  to  definitely 
separate  the  red  signal  lamp  from  the  street  lighting  globe  if  the 
installation  is  to  be  fully  successful. 

As  to  the  level  of  road  illumination  which  is  desirable  for 
thoroughfares,  there  was  an  interesting  point  bearing  on  the  sub- 
ject in  the  paper  by  Messrs.  Magdsick  and  Falge  on  desirable  road 
illumination  from  automobile  headlights.*  The  experiments  re- 
ported in  this  paper  indicated  that  the  average  driver  desired  at 
least  two  to  three  foot-candles  at  a  distance  two  hundred  feet  in 
front  of  the  car.  If  these  values  are  accepted  it  would  appear  that 
in  the  future  n  minimum  of  three  foot-candles  will  be  considered 
necessary  for  street  lighting  of  important  thoroughfares  and  that 
is  three  to  five  times  as  much  as  the  best  lighting  in  most  cities  at 
present. 

One  speaker  mentioned  the  importance  of  further  develop- 
ment of  lighting  country  highways.  In  this  connection  it  would  be 
noted  that  while  in  our  investigation  the  average  percentage  of 
night  accidents  on  city  streets  which  can  be  attributed  to  lack  of 
illumination  was  17.6,  a  similar  investigation  applying  to  country 
highways,  which  are  generally  entirely  without  light  at  the  present 
time,  might  show  a  figure  as  high  as  50  per  cent  chargeable  to 
lack  of  effective  illumination. 

There  is  a  legal  phase  to  this  matter  of  street  accidents  due 
to  ineffective  illumination  which  has  not  been  referred  to  specifi- 
cally in  the  discussion.  For  many  years  municipalities  have  been 
held  responsible  for  damages  resulting  from  poorly  constructed 
roadways  or  sidewalks  and  the  losses  from  this  cause  have  un- 
doubtedly led  to  increased  attention  toward  maintenance  of  road- 
ways in  many  places. 

A  recent  case  in  Cuyahoga  County,  Ohio,  where  the  plaintiff 
entered  suit  against  the  city  and  county  for  many  thousands  of 
dollars  for  severe  personal  injuries  in  a  street  accident  is  notable 

•  Determinntioii  by  Various  Obsfrvcrs  of  the  Dcsir^  Road  niuminntion  from 
Automobile  Ilendlamps.  H.  H.  .Magdsick  and  R.  N.  Pnlge.  Traxsactio.ns  I  E  S 
Vol.  XVI,  No.  S,  p.  480. 
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in  that  the  plaintiff  based  his  claim  entirely  on  the  fact  that  the 
size  of  lamps  at  the  point  where  the  accident  occurred  had  been 
reduced  from  300  to  100  w^atts,  which  he  claimed  did  not  afford 
sufficient  illumination  to  reveal  the  road  obstruction  which  was 
the  immediate  cause  of  the  accident. 

In  closing  I  wish  to  acknowledge  our  great  indebtedness  to 
those  organizations  and  individuals  in  the  various  cities  who 
so  kindly  co-operated  with  us  in  tabulating  the  accident  data  for 
their  individual  cities.  In  fact  the  chief  credit  for  such  value  as 
may  attach  to  this  survey  really  belongs  to  those  whose  interested 
co-operative  efforts  made  possible  the  collection  of  the  data. 

0.  F.  Haas:  It  is  evident  that  there  is  a  large  field  for 
danger  signals  in  such  locations  as  sharp  curves,  railroad  crossings, 
etc.,  but,  as  Mr.  Anderson  remarked,  such  signals  cannot  be  looked 
to  for  supplying  safety  protection  for  the  same  class  of  accidents 
as  does  a  well  designed  street  lighting  installation. 

A  complete  analysis  of  the  causes  of  each  accident  occurring 
in  one  of  the  cities  included  in  this  survey  indicates  that  by  far 
the  greater  percentage  of  the  accidents  occurring  on  the  city 
streets  at  night  are  of  the  following  classes: 

1.  Automobile  collisions  or  the  crash  by  an  automobile  into 
parked  or  slow  moving  vehicles. 

2.  The  running  down  of  a  "jay  walker"  or  of  a  child  by  an 
automobile  or  street  car. 

3.  Accidents  occurring  from  depression  in  or  obstructions 
on  the  sidewalk  or  pavement. 

4.  Pedestrians  who  are  run  down  as  they  step  in  a  dark  area 
from  the  sidewalk  on  to  the  pavement  to  board  a  street  car,  or 
run  down  as  they  step  from  a  street  car  into  a  dark  area. 

It  is  night  accidents  of  these  classes  that  can  to  a  large  extent 
be  eliminated  by  supplying  an  effective  street  lighting  installation, 
although  the  use  of  danger  signals  would  not  apply. 
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PRESENT  STATUS  OF  AUTOMOBILE 
HEADLIGHTING  REGULATION* 


REPORT  OF   COMMITTEE   ON    MOTOR   VEHICLE   LIGHTING — I92O-I92I 


It  is  gratifying  to  note  that  the  regulation  of  automobile 
headlighting  in  accordance  with  the  I.  E.  S.  system  has  made 
considerable  progress  during  the  past  year.  In  the  last  report 
the  following  states  were  given  as  having  adopted  it — New  York, 
California,  Pennsylvania,  Connecticut,  Maryland  and  Wiscon- 
sin. At  the  time  of  the  last  convention  news  was  received  that  the 
Province  of  Ontario  had  also  adopted  the  system.  Since  that 
time  it  has  gone  into  use  in  the  States  of  Nebraska,  Utah,  Iowa 
and  Ohio,  while  Massachusetts  has  adopted  the  system  in  prin- 
ciple but  has  written  somewhat  different  specifications  for  test, 
which  may  give  very  interesting  results  in  practice. 

Whereas  in  the  last  report  it  was  noted  that  the  states  operat- 
ing under  this  system  registered  approximately  25  per  cent  of 
all  the  cars  in  the  country',  the  percentage  now  has  risen  to 
approximately  43,  according  to  the  latest  figures  published  in 
Automotive  Industries.  The  registration  in  the  Province  of 
Ontario  constitutes  about  42^  per  cent  of  the  total  registration 
in  the  Dominion  of  Canada. 

In  view  of  the  wide  acceptance  of  the  I.  E.  S.  specifications, 
the  Council  of  the  Society,  on  recommendation  of  this  Committee, 
voted  that  the  Committee  should  on  behalf  of  the  Society  sub- 
mit these  specifications  to  the  American  Engineering  Standards 
Committee  for  adoption  as  a  tentative  American  standard.  This 
matter  is  still  pending  at  the  present  time. 

The  rules  and  specifications  of  the  committee  for  headlight- 
ing were  submitted  to  the  U.  S.  National  Committee  of  the  In- 
ternational Commission  on  Illumination  and  by  that  Committee 
were  laid  before  a  meeting  of  the  International  Commission  on 
Illumination  in  Paris  in  July  of  this  year.  No  word  has  as  yet 
come  to  hand  as  to  the  amount  of  consideration  given  to  this 
matter,  but  the  minutes  of  the  meeting  at  Paris  are  an  evidence 

*A  report   presented  at  the  Annual  Convention  of    the  Illuminating   Engineering 
Society,  Rochester,  N.  V  ,  September  26-j9,  1921. 
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that  it  attracted  an  attention  which  is  proportional  to  its  impor- 
tance, because  the  International    Commission    on    Illumination 
adopted  the  following  resolution : 
(6)   Automobile  Headlighting. 

The  International  Commission  on  Illumination  records  its  strong 
opinion  that  .regulations  respecting  limitations  of  the  light  from  auto- 
mobile headlamps  should  be  framed  with  reference  to  international 
agreement  so  that  the  regulations  may  be  uniform  for  all  countries. 
With  this  object  it  desires  each  National  Committee  to  keep  in  close 
touch  with  the  authority  in  its  own  country  which  lays  down  rules 
for  automobile  headlighting. 

The  Commission  establishes  a  Committee  of  Study  charged  to 
study  the  problem  of  automobile  headlighting,  and  to  report  to  the 
next  session  of  the  Commission. 

The  Committee  shall  consist  of  one  member  from  each  country 
nominated  by  the  National  Committee.  The  Committee  shall  be 
presided  over  by  Dr.  C.  H.  Sharp  as  President. 

The  Commission  delegates  to  the  above  Committee  of  Study  the 
following  duties : — 

(a)  To  endeavor  to  frame  technical  proposals  which  shall  be 
suitable  for  international  adoption. 

(b)  To  use  the  influence  of  the  International  Commission  to 
secure  in  each  country  the  recognition  of  the  necessity  for 
international  standardization  in  this  matter  in  order  to  avoid 
the  establishment  of  a  number  of  different  sets  of  regulations 
throughout  the  world. 

The  work  of  the  Committee  during  the  past  year  has  been 
largely  in  connection  with  details.  The  Committee  has  in  mind, 
however,  recommendation  of  one  modification  of  procedure  when 
special  front  glasses  and  similar  devices  are  submitted  for  test. 
At  the  present  time  two  pairs  of  a  certain  size  are  tested  with 
both  15-cp.  vacuum  lamps  and  21-cp.  gas-filled  lamps.  It  is 
proposed  that  the  test  shall  be  made  with  gas-filled  lamps  only, 
but  with  one  pair  of  each  of  the  four  sizes  which  have  been 
standardized  by  the  Society  of  Automotive  Engineers.  These 
four  sizes  are :  8  ^Z.,,  inch,  8^  inch,  9  inch  and  9^  inch.  The 
object  of  the  change  is  to  make  the  results  of  the  test  more 
representative  of  the  device,  inasmuch  as  different  moulds  are 
used  for  these  various  sizes.     Since  the  specifications  are  in  use 
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ill  a  number  of  States,  it  has  seemed  desirable  fir^t  to  communi- 
cate with  the  authorities  of  the  states  as  to  their  wilHn^ess  to 
agree  to  the  change  before  actually  adopting  it. 

A  question  has  been  raised  as  to  the  applicability  of   the 
I.  E.   S.  specifications  to  acetylene  headlamps,  which  are  very 
widely  used  on   motor  cycles  and  on  trucks.     Admittedly   the 
specifications  have  been  drawn  to  cover  the  case  of  the  electric 
headlamps,  and  whether  they  should  be  applied  in  their  present 
form  to  the  acetylene  headlamps  is  at  least  a  debatable  question. 
The  point  having  been  raised  by  the  Society  of  Automotive  En- 
gineers and  also  by  the  Motor  Truck  Association  of  America, 
and  the  International    Acetylene    Association,    the    Committee 
organized  a  joint  meeting  representative  as  far  as  possible  of  all 
those  directly  interested  in  the  question.     It  developed  from  the 
discussion  that  there  is  a  practical  lack  of  fundamental  data  on 
the  performance  of  acetylene  headlamps,  so  that  it  was  decided 
that  the  necessar}-  information  and  data  should  be  obtained  under 
the  direction  of  a  small  committee  on  which  the  various  interests 
should  be  represented.     Such  a  committee  has  been  appointed 
with  the  Chairman  of  your  Committee  as  its  Chairman,  and  the 
collection  of  data  is  now  under  way.     It  is  anticipated  that  an 
investigation  by  means  of  road  tests  will  be  necessary  before  the 
matter  can  be  concluded. 

From  reports  received  it  would  appear  that  conditions  on  the 
road  in  night  driving  are  becoming  markedly  better.  Complaints, 
however,  are  still  heard  of  excessively  glaring  light  sources,  and 
there  has  been  a  tendency  at  times  for  some  to  say  that  the  work 
of  the  Committee  is  futile  because  it  has  not  resulted  in  more 
radical  improvement.  The  committee  submits  that  such  criti- 
cisms are  not  necessarily  just.  The  work  of  the  Committee  ex- 
tends only  to  a  certain  point ;  namely  to  the  definition  in  numeri- 
cal terms  of  the  allowable  limits  of  illumination  and  glare  from 
headlamps  on  the  road,  and  to  the  drawing  of  specifications 
whereby  through  laboratory  tests  the  capability  of  various  head- 
lighting  devices  to  conform  to  these  limits  may  be  determined. 
The  laboratory  test  does  not  in  any  way  show  whether  the  actual 
performance  on  the  road  of  any  given  device  is  within  the  re- 
quirements, or  is  not.  This  test  simply  shows  that  the  device  is 
capable  of  being  adjusted  and  used  in  such  a  way  that  it  will  give 
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a  performance  w^hich  is  within  the  requirements  and  w^hat  the 
proper  adjustments  are.  Whether  the  device  actually  does  so 
perform  is  dependent  upon  very  many  features  entirly  outside 
the  control  of  the  laboratory  test.  The  matter  of  focusing  and  of 
aiming  the  lamps  is  of  fundamental  importance.  Lamps  in- 
correctly focused  or  aimed  may  even  with  the  best  of  devices  pro- 
duce an  intolerable  glare  or  an  abominable  road  illumination,  or 
both.  Hence  while  the  laboratory  test  enables  the  user  to  select 
devices  which  are  capable  of  conforming  to  requirements  and 
tells  him  how  they  should  be  adjusted,  and  so  is  of  the  greatest 
value  to  him,  yet  in  the  last  analysis  it  remains  with  the  user  to 
see  that  he  gets  the  performance  of  which  the  device  is  capable. 
The  matter  is  similar  to  that  of  horns  and  brakes;  a  badly  ad- 
justed horn  will  not  make  an  adequate  signal ;  nor  will  badly  ad- 
justed brakes  bring  the  car  to  a  stop  within  the  limitations  of 
safety.  No  one  expects  that  the  provision  of  a  good  horn  or  of 
good  brakes  on  a  car  shall  absolve  the  user  of  all  responsibility 
for  their  adjustment  and  maintenance,  neither  is  it  to  be  expected 
that  by  fitting  a  suitable  headlighting  device  to  the  car,  a  proper 
road  illumination  will  be  obtained  unless  it  is  adjusted  as  it 
individually  should  be.  Suggested  instructions  for  making  these 
adjustments  are  given  in  the  appendix  to  this  report. 

This  fact  is  appreciated  by  all  too  few  of  the  sellers  and 
the  users  of  such  devices.  Evidently  therefore  the  results  on 
the  road  are  to  a  very  great  extent  dependent  upon  the  education 
of  the  motorist  with  respect  to  the  proper  adjustment  of  his 
headlamps  and  to  the  officers  of  the  law  to  whom  the  enforcement 
of  headlighting  regulations  is  entrusted.  With  the  education  of 
the  user  and  with  the  proper  enforcement  of  the  highway  laws 
(which  is  all  the  time  becoming  more  rigid  and  more  intelligent) 
it  can  be  expected  that  the  conditions  for  road  illumination  laid 
down  by  the  Illuminating  Engineering  Society  as  being  suitable, 
will  be  conformed  to  by  a  larger  and  larger  percentage  of  auto- 
mobilists.  It  is  to  the  credit  of  this  Society  that  it  has  formulated 
a  definite  standard  and  has  indicated  what  now  seems  to  be  the 
only  practicable  road  leading  to  a  reform  of  the  abuses  connected 
with  motor  vehicle  headlighting. 

The  Committee  has  never  taken  up  the  question  of  proper 
standards  for  the  illumination  of  rear  license  plates  on  motor 
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cars.  The  determination  of  such  a  standard  is  complicated  by  the 
variations  introduced  by  the  variation  in  color  and  surface  of 
the  plates  themselves  and  by  the  possible  glare  from  the  red  tail 
lamps.  Furthermore  stop  and  turn  signals  are  coming  into  use, 
depending  on  artificial  lighting.  For  these  also  standards  are 
needed.  There  is  real  need  for  an  authoritative  booklet  on  the 
proper  adjustment  of  headlamps  and  on  simple  methods  of  check- 
mg  the  illumination  to  see  if  it  conforms  to  specifications.  Evi- 
dently your  committee  to  be  appointed  for  the  ensuing  year  can- 
not lack  for  fruitful  fields  in  which  to  labor. 

COMMITTEE    ON    MOTOR    VEHICLE    LIGHTING 

G.  N.  Chamberlin  ♦a.  L.  McMurtry 

p.  W.  Cobb  ♦♦H.  H.  Magdsick 

E.  C.  Crittenden  L.  C.  Porter 

J.  A.  HoEVELER  G.  H.  Stickney 

W.  F.  Little  L.  e.  Voyer 
W.  A.  McKay 

Clayton  H.  Sharp,  Chairmatx. 

"Mr.  McMurtry  has  filed  an  objection  to  the  publication  of  the  appendix  as  part  of  the 
official  Report  of  the  Committee. 

"Mr.  Mafrdsick  has  proposed  certain  additions  to  the  Report  wh.ch  through  lack  of 
time  the  Committee  has  not  been  able  to  consider. 
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REPORT  OF  COMMITTEE  ON  MOTOR 
VEHICLE  LIGHTING 


APPENDIX 


INSTRUCTIONS  FOR  THE  PROPER  ADJUSTMENT  OF  AUTOMOBILE  HEAD- 
LAMPS TO  CONFORMITY  WITH  THE  RULES  OF  THE  ILLUM- 
INATING ENGINEERING  SOCIETY 


Headlighting  devices  w^hich  have  been  tested  and  approved 
under  the  specifications  of  the  I.  E.  S.  for  laboratory  tests  of 
such  devices  are  thereby  show^n  to  be  capable  of  giving,  under 
certain  stated  conditions,  the  type  of  road  illumination  required 
in  the  I.  E.  S.  rules.  Unless  these  conditions,  which  include  the 
rating  of  the  incandescent  lamps  used,  the  tilt  of  the  headlamps 
and  the  focusing,  are  strictly  complied  with,  the  illumination 
results  are  liable  to  be  entirely  wrong  and  unsatisfactory  both  to 
the  user  and  to  others  on  the  road. 

Purpose  of  Headlight  Controlling  Device. — Controlling  de- 
vices are  for  the  purpose  of  securing  an  adequate  road  illumina- 
tion without  a  dangerous  glare  in  the  eyes  of  other  users  of  the 
road.  This  is  accomplished  by  deflecting  the  major  part  of  the 
beam  toward  the  road  surface,  leaving  the  upper  portion  of  the 
beam  of  low  enough  intensity  to  avoid  dangerous  glare,  while  still 
allowing  enough  light  in  this  upper  region  to  enable  the  driver 
to  proceed  with  safety.  Not  only  should  the  light  be  directed 
toward  the  road,  but  it  should  be  spread  sidewise  in  order  that 
a  sufficient  portion  of  the  road  surface  is  rendered  visible  to 
avoid  danger  of  striking  a  person  or  object  thereon.  Efficient 
controlling  devices  improve  the  road  illumination  for  the  user  of 
the  device  and  at  the  same  time  create  conditions  such  that  other 
users  of  the  road  are  not  put  in  jeopardy  by  glare.  However 
such  devices  require  a  careful  adjustment  of  the  incandescent 
lamp  in  the  focus  of  the  reflector  and  sometimes  a  downward  tilt 
of  the  headlamps  in  order  that  the  above  result  may  be  ac- 
complished, and  without  careful  adjustment  in  these  particulars 
the  use  of  the  pair  of  controlling  devices  may  result  in  bad  road 
illumination  and  excessive  glare,  their  purpose  being  entirely 
defeated. 
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I tt candescent  Lamps. — Incandescent  lamps  or  bulbs  at  pres- 
ent on  the  market  are  of  two  types :  the  vacuum  or  type  B  lamp 
and  the  gas-tilled  or  type  C  lamp.  The  lilament  of  the  type  B 
lamp  is  arranged  in  the  form  of  a  small  horizontal  coil.  The 
filament  of  the  type  C  lamp  is  in  the  form  of  a  **V,"  which  **V" 
is  made  up  of  a  minute  spiral  of  wire.  On  account  of  the  differ- 
ent shapes  of  the  filaments  of  type  B  and  type  C  lamps,  in  many 
cases  a  higher  candle-power  can  be  used  with  one  type  than  with 
other,  without  exceeding  the  specified  limits  of  glare.  See  that 
the  marked  candlepower  of  your  lamps  is  not  greater  than  that 
allowed  with  the  device  you  propose  using,  and  that  the  filaments 
are  well  centered  in  the  bulbs. 

Adjustment  of  Tilt. — Place  the  car  fully  loaded  on  a  level 
surface,  as  for  instance,  the  floor  of  the  garage  (see  accompany- 
ing figure).  Measure  the  height  of  the  center  of  the  headlamps 
from  the  floor,  and  cut  off  two  sticks  to  a  length  equal  to  this 
height.  Stand  one  of  the  sticks.  A,  near  the  front  end  of  the 
car  and  the  other,  B,  near  the  rear.  Arrange  a  board,  C,  so  that 
it  will  stand  on  end,  and  set  this  up  as  a  target  at  a  distance  of 
2$  ft.  ahead  of  the  lamps  so  that  the  light  of  one  headlamp  or  of 
both  shines  upon  it.  Remove  the  front  glass  from  the  lamp,  or 
use  only  the  plain  glass,  and  operate  the  focusing  adjustment 
(see  below)  so  that  the  light  forms  a  small  patch  on  the  target. 
Sight  over  the  top  of  the  two  vertical  markers,  A  and  B,  on  to 
ihe  target,  C,  and  place  a  line,  H,  at  the  point  thus  found.    This 


Arrangement   for  adjusting  the  tilt. 

will  give  the  horizontal  line.  If  the  height  of  the  center  of 
the  beam  comes  at  the  same  height  as  this  mark,  the  beam  is 
horizontal.  If  the  device  which  is  to  be  used  is  one  requiring  a 
tilted  beam,  put  another  mark  on  the  target  at  the  requisite 
distance  below  the  first  mark.  For  instance,  if  a  tilt  of  2  ft.  in 
100  is  required,  the  target  being  25  ft.  ahead  of  the  lamps,  the 
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mark  should  be  placed  6  in.  below  the  horizontal  mark.  The 
headlamp  is  then  tilted  until  the  center  of  the  beam  comes  at 
this  lower  mark  with  the  car  fully  loaded.  By  shifting 
the  target  the  other  lamp  can  be  similarly  adjusted.  The 
actual  tilting  of  the  headlamps  is  a  mechanical  adjustment  which 
in  some  makes  of  cars  is  very  simple  and  in  others  requires 
some  mechanical  skill.  See  that  the  beams  of  both  lamps  point 
straight  ahead.  The  horizontal  distance  between  the  centres  of 
the  beams  should  equal  the  distance  between  the  centres  of  the 
headlamps. 

Focus  Adjustment. — All,  or  nearly  all  headlamps  are  pro- 
vided with  an  arrangement  whereby  the  position  of  the  bulb  may 
be  changed  with  respect  to  the  focus  of  the  parabolic  mirror.  This 
arrangement  is  sometimes  a  little  difficult  to  find,  but  any  owner 
who  is  in  trouble  from  this  cause  may  well  consult  a  competent 
garage  man.  The  adjustment  of  focus,  as  well  as  of  tilt,  can 
best  be  accomplished  in  moderate  darkness.  It  will  be  found 
that  taking  the  headlamps  without  any  controlling  devices  what- 
ever, and  throwing  the  beam  from  each  one  separately  on  to 
the  target,  a  more  or  less  round  spot  or  patch  of  light  is  seen. 
By  operating  the  focusing  adjustment  the  lamp  is  moved 
backward  or  forward  with  respect  to  the  reflector.  The  following 
adjustments  are  recognized.  Some  devices  require  one  of  these 
adjustments,  others  another. 

Adjustment  No.  i. — The  center  of  the  lamp  filament  is  at 
the  focus  of  the  reflector.  The  patch  of  light  made  by  the 
beam  is  then  of  minimum  diameter. 

Adjustment  No.  2. — The  lamp  is  drawn  backward  from  No.  i 
adjustment.  When  this  is  done  the  patch  of  light  becomes 
larger  and  finally  a  black  spot  appears  at  its  center.  When 
this  spot  is  just  on  the  point  of  appearing,  adjustment  No.  2 
has  been  made. 

Adjustment  No.  j. — The  lamp  position  is  intermediate  be- 
tween No.  I  and  No.  2.  The  size  of  the  patch  of  light  is 
intermediate  between  No.  i  and  No.  2. 

Adjustment  No.  4. — The  lamp  is  pushed  forward  from  posi- 
tion No.  I  until  a  black  spot  is  on  the  point  of  forming  in 
the  center  of  the  patch  of  light. 
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In  case  the  headlamp  is  so  constructed  that  it  is  not  easy  to 
tell  whether  one  is  moving'  the  lamp  forward  or  backward,  No.  2 
can  he  distin^ished  from  No.  4  by  blowing'  a  cloud  of  smoke 
into  the  beam  directly  in  front  of  the  headlamj).  If  the  rays  of 
light  are  seen  to  diverge  as  they  leave  the  reflector,  the  adjust- 
ment is  No.  2;  if  they  converge  and  cross,  it  is  No.  4. 

Be  sure  that  the  lamps  are  positively  locked  in  position  after 
the  adjustment  has  been  made.  Some  types  of  headlamps  are 
so  constructed  that  the  focal  adjustment  is  altered  on  replacing 
the  front  glass.  With  these  headlamps  the  correctness  of  the  ad- 
justment can  be  judged  by  inspecting  the  patch  of  light  thrown 
with  the  device  in  place.  The  top  of  the  patch  should  be  cut  of! 
more  or  less  horizontally  across  the  top  and  the  major  portion  of 
the  patch  should  be  below  the  horizontal  line. 

Beam  Adjustment.— Haying  secured  the  right  tilt  and  focus 
adjustment,  the  controlling  device  which  it  is  proposed  to  use 
is  affixed  to  the  headlamps,  care  being  taken  to  see  that  it  is 
placed  exactly  in  accordance  with  the  manufacturer's  instruc- 
tions, which  should  accompany  the  device.  The  beam  is  then 
once  more  observed  on  the  target  to  see  whether  the  upper 
half  of  the  beam  is  properly  cut  off  and  the  light  deflected  toward 
the  road.  In  the  case  of  many  devices  this  cut-ofT  is  secured  with 
the  bulb  at  the  reflector  focus.  In  the  case  of  some,  however 
(those  which  obstruct  the  light  from  the  upper  part  of  the  head- 
lamp), the  bulb  must  be  brought  back  toward  the  reflector  in 
order  to  secure  this  cut-off,  (Adjustment  No.  2.)— With  still 
others  (those  which  obstruct  the  light  from  the  lower  half  of 
the  reflector)  the  bulb  must  be  pushed  forward  ahead  of  the 
focus,  (Adjustment  No.  4).— In  any  case  a  little  experimenting 
will  show  what  adjustment  is  necessary  in  order  to  secure  the 
sharpest  possible  cut-off  of  the  upper  half  of  the  beam. 

Improznsed  Dei-ices.— Thtr^  are  several  ways  in  which  a 
substantial  compliance  with  the  rules  may  be  insured  without 
purchasing  special  controlling  devices.  Among  these  may  be 
noted  the  following: 

Covering  the  upper  half  of  the  front  with  a  dense  diffus- 
ing coating  or  with  white  paper,  and  adjusting  the  bulb 
back  of  the  focus,  as  desciibing  above,  makes  a  fairly  good 
expedient. 
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Covering  the  upper  half  of  the  bulb  with  a  semiopaque 
substance  and  adjusting  the  focus  as  above,  accomplishes  a 
similar  result.  There  are  other  methods  which  may  be  em- 
ployed, but  probably  none  of  them  will  give  as  good  a  re- 
sult as  the  use  of  a  good  commercial  device  designed  for 
the  purpose. 

Maintenance  of  Headlamps. — Dust  and  dirt  on  front  glasses 
and  reflectors  cut  down  the  efficiency  of  headlamps  very  greatly. 
Therefore  periodic  cleaning  should  be  resorted  to.  Old  and 
blackened  lamp  bulbs  give  greatly  diminished  candlepower  and 
should  be  renewed.  Bad  wiring  switches  and  sockets  and  run- 
down batteries  are  frequently  causes  of  a  similar  result. 

RULES    FOR   PHOTOMETRIC    INSPECTION    OE    HEADLAMPS    ON    MOTOR 
VEHICLES  AND  MOTOR  CYCLES 

In  order  to  determine  whether  the  headlighting  of  a  motor 
vehicle  or  motor  cycle  conforms  to  the  requirements  of  the  law, 
it  may  be  subjected  to  photometric  inspection  as  follows : 

Without  change  in  any  adjustment  of  the  headlamps, 
the  car  shall  be  placed,  fully  loaded,  upon  a  level  surface  in 
a  location  suitable  for  making  photometric  measurements. 
The  engine  shall  be  operated  at  a  speed  corresponding  to 
25  miles  per  hour  when  in  high  gear. 

The  horizontal  line  of  the  headlamps  100  ft.  ahead  of 
the  vehicle  shall  be  established  by  sighting,  as  described 
under  "Adjustment  of  Tilt." 

The  photometric  measurements  shall  be  made  with  a 
foot-candle  meter  or  an  equivalent  measuring  device. 

Measurements  shall  be  made  at  the  following  positions 
at  a  distance  of  lOO  ft.  ahead  of  the  headlamps : 

Position  I. — Directly  ahead  and  at  a  height  not  less 
than  one-half  the  distance  of  the  center  of  the  head- 
lamps above  the  level  surface.  The  indication  of  the  foot- 
candle  meter  shall  be  not  less  than  0.48  ft-c.  for  a 
motor  vehicle  and  not  less  than  0.24  ft-c.  for  a  motor 
cycle. 
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Position  2. — Seven  feet  to  the  right  of  Position  i 
at  any  point  not  above  the  level  of  the  headlamps.  The 
indication  of  ihc  foot-candle  meter  shall  be  not  less  than 
0.12  ft-c.  for  a  motor  vehicle  and  not  less  than  0.06  ft-c. 
for  a  motor  cycle. 

Position  S- — Directly  in  front,  5  ft.  above  the  level 
surface.  The  indication  of  the  foot-candle  meter  shall  be 
not  more  than  0.24  ft-c. 

Position  4. — Five  feet  above  the  level  surface  and  7 
ft.  to  the  left  of  the  axis  of  the  vehicle.  The  indication 
of  the  foot-candle  meter  shall  be  not  more  than  0.08  ft-c. 

Note — In  order  to  allow  for  any  possible  inaccur- 
acies of  a  test  of  this  character,  a  tolerance  of  20  per 

cent  may  be  allowed  on  the  above  values. 

DISCUSSION 

The  Report  of  the  Committee  on  Motor  Vehicle  Lighting 
and  the  papers  by  Messrs.  Madgsick  and  Falge  and  Mr.  Devine 
were  discussed  together.     See  page  518 
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DETERMINATION  BY  VARIOUS  OBSERVERS  OF  THE 

DESIRED  ROAD  ILLUMINATION  FROM 

AUTOMOBILE  HEADLAMPS* 


H.    H.    MAGDSICK  AND  R.    N.    FALGE** 


Synopsis:  There  are  presented  data  showing  the  road  illumination 
from  headlighting  equipment  as  set  in  a  moving  car  by  a  total  of  thirteen 
observers,  under  various  conditions  of  road  surface,  contour,  boundaries, 
streetlighting,  vi^eather,  speeds,  etc.,  with  lighting  facilities  which  offered 
a  considerable  range  of  intensity  and  distribution.  These  data  indicate  in 
a  general  way  the  lighting  required  for  safety  and  a  moderate  degree  of 
convenience,  that  is,  the  lower  limit  of  what  might  be  termed  good  practice, 
for  the  more  common  road  conditions.  They  are  not  sufficiently  complete 
to  permit  an  analysis  of  the  effect  of  each  of  the  variable  factors.  A 
description  is  given  of  the  equipment  employed  together  with  an  outline 
of  the  procedure  followed  in  obtaining  the  data. 

In  order  to  supplement  the  existing  meager  quantitative  infor- 
mation as  to  the  requirements  of  road  illumination  from  motor 
cars,  facilities  as  described  below  were  developed  with  which  an 
observer  might  obtain  a  considerable  degree  of  control  of  both 
distribution  and  intensity  of  light,  and  thus  adjust  the  lighting  to 
meet  the  requirements  of  particular  roads  under  the  conditions 
of  actual  use. 

Among  the  factors  which  affect  the  road  illumination  require- 
ments, are  the  following : 

I — Character  of  the  road  surface  as  to  reflection  factor, 
smoothness,  presence  of  obstacles  or  holes,  and  width. 

2 — Character  of  the  road  boundaries  as  to  ditches,  cuts, 
weeds,  shrubs  and  trees,  fences,  telephone  poles,  signs,  etc. 
3 — ^Contour  of  the  road— grades,  curves,  turns,  etc. 
4 — Lighting  of  the  road  from  street  lamps,  other  vehicles, 
and  moonlight ;  glare  from  approaching  headlamps. 
5 — Atmospheric  conditions. 
6 — Traffic,  both  vehicle  and  pedestrian. 
7 — Speed. 

8 — Variations  among  drivers  as  to  vision,  driving  habits, 
temperament,  etc. 

*A  paper  presented  at  the  Annual  Convention  of  the  Illuminating  Engineering 
Society,  Rochester,  N.  Y.,  September  26-29,  1921- 

♦♦Engineering  Department,  National  I^amp  Works  of  General  Electric  Co.,  Cleve- 
land, Ohio. 
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An  investigation  which  would  cover  in  a  comprehensive  man- 
ner all  of  these  variables  and  the  effects  of  each  was  not  attempted. 
The  endeavor  was  to  obtain  an  approximation  of  the  road  lighting 
which  would  prove  adequate  under  the  more  usual  conditions. 

To  cover  representative  road  conditions  determinations  were 
made  on  the  following: 

(a)  Country  highways  having  14-foot  red  brick 
pavement  with  either  dirt  or  grass  strip ;  grass  and  shal- 
low ditches  to  fences,  with  and  without  trees ;  level,  roll- 
ing and  straight  stretches,  wide  and  sharp  curves,  a  few 
deep  holes,  railroad  crossings  and  short  bridges ;  un- 
lighted;  used  when  dry  and  clean,  dry  with  light  dust, 
wet  and  with  snow. 

(b)  Suburban  highways  with  24-foot  red  brick 
pavement ;  grass  and  weeds  to  sidewalks  or  fences ;  part 
with  light  curb  stones;  level  and  easy  grades,  moderate 
curves ;  poor  street  lighting  with  widely  spaced  units  ; 
used  dry  and  wet  with  snow^ 

(c)  Suburban  highway  with  30-foot  red  brick 
pavement  and  light  curb  stones;  g^ass  and  weeds  to 
fences,  few  trees ;  straight  and  level ;  poor  street  lighting. 

(d)  Crushed  stone  country  road  with  somewhat 
irregular  surface;  weeds  and  ditches  to  fences,  many 
trees;  winding  and  rolling;  no  lighting. 

(e)  Outlying  park  road  with  24- foot  dark  tarvia 
pavement  and  light  curb  stones ;  lawns  and  trees  at  sides ; 
winding  and  somewhat  rolling;  dark  cross  roads  and 
dead  end ;  no  lighting ;  used  dry  and  wet. 

(f)  City  thoroughfare  with  50- foot  dark  asphalt 
paving,  street  railway  tracks;  grass  strips  to  sidewalks; 
straight  and  level ;  fair  lighting. 

Atmospheric  conditions  were  for  the  most  part  clear  with 
occasional  hazy  low  areas.  In  the  case  of  a  few  determinations 
there  was  a  light  general  mist.  In  the  case  of  tests  on  wet  and 
partially  snow-covered  roads  there  was  some  interference  with 
vision  resulting  from  drops  of  water  on  the  windshield. 

Traffic  varied  on  the  roads  from  time  to  time.  In  most  cases 
lighted  cars  were  met  during  the  determinations  for  each  class  of 
road,  but  in  no  case  were  settings  made  for  the  condition  of  a 
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considerable  stretch  of  road  lighted  by  other  cars.  Pedestrians 
were  usually  encountered  on  the  pavement,  and  occasionally  a 
vehicle  without  lights. 

Of  the  thirteen  men  who  acted  as  observers,  all  but  two  are 
experienced  car  drivers.  They  vary  considerably  in  temperament 
and  in  driving  habits;  they  live  in  various  states  of  the  east  and 
and  central  west.  Several  have  for  years  been  careful  students  of 
motor  car  lighting;  for  the  most  part  they  are  trained  observers 
and  all  but  one  have  some  connection  with  the  lighting  industry. 
One  is  a  state  official  responsible  for  headlight  regulation;  two 
have  a  commercial  interest  in  certain  headlighting  equipments. 
Only  a  few  had  ever  before  been  over  the  roads  traversed  in  the 
tests.  The  authors'  determinations  are  not  included  in  this  paper. 
No  tests  were  made  of  the  vision  of  the  several  observers, 
although  from  this  standpoint  they  are  believed  to  be  a  repre- 
sentative lot  of  men. 

The  car  used  in  the  tests  is  shown  in  Fig.  3.  Provision  is 
made  for  mounting  six  headlamps,  each  swiveled  and  adjustable 
also  for  height  and  tilt.  The  four  units  on  the  forv/ard  bar  may 
be  tilted  simultaneously  through  a  desired  angle  by  means  of  the 
graduated  member  fastened  to  the  radiator  cap.  Adjustable 
sockets  give  further  flexibilty.  Control  of  the  beam  is  secured 
by  means  of  various  cover  glasses  of  the  familiar  types  as  well 
as  with  a  number  specially  cut  with  vertical  flutes  to  spread  the 
light  in  various  proportions  and  degrees.  Further  control  of  the 
light  distribution  is  obtained  by  the  use  of  masks  intercepting  parts 
of  the  beam;  thus  the  highest  intensity  is  found  at  the  top  of  the 
beam  when  one-half  of  the  usual  paraboloidal  unit  is  masked  and 
the  light  source  placed  out  of  focus  or  a  narrow  beam  with  the 
maximum  candle-power  at  the  center  results  when  the  source  is 
at  the  focus  and  the  light  is  intercepted  from  the  central  part 
of  the  reflector,  where  the  beam  divergence  is  greatest. 

Energy  for  the  lamps  of  6-8  volt  rating  is  supplied  from  a 
4-cell  lead  storage  battery  not  connected  with  the  electrical  system 
of  the  car.  A  bank  of  rheostats  is  provided  under  the  cowl  and 
these  are  arranged  for  connection  in  any  of  the  lamp  circuits. 
The  circuits  are  completed  through  two-way  knife  switches  also 
mounted  under  the  cowl  and  the  wiring  is  so  arranged  that  by 
means  of  a  push-button  switch  one  may  change  instantly  from  one 
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Fig.  I. — Some  of  the  roads  used  for  the  tests. 


Fig.  2. — One  of  the  roads  used  for  the  tests. 


Fig- 3 


Fig.  4 


Fig.  3. — The  test  car  showing  the  mounting  of  the  six  headlamps. 

Fig.  4. — The  cowl    of  the  test  car   showing  arrangement  of  bank  of  rheostats,  control 
switches  and  ammeter. 
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set  of  lighting  units  to  another.  A  portable  laboratory  ammeter 
is  mounted  on  a  bracket  from  the  cowl  and  by  means  of  the  two- 
way  switciies  one  may  measure  the  current  through  a  given  lamp 
while  the  others  employed  remain  burning,  and  thus  determine 
the  actual  current  taken  by  the  several  lamps  in  a  given  setting 
of  the  units. 

In  obtaining  the  data  included  in  this  paper  the  obser\'er 
usually  sat  in  the  front  seat  at  the  side  of  the  driver  where  he 
could  readily  manipulate  the  switches  and  rheostats;  in  a  few  cases 
the  obsen'er  drove  the  car.  Four  lighting  units  were  mounted 
on  the  forward  bar  with  their  centers  at  a  height  of  37  inches  from 
the  ground.  The  heif^ht  of  the  lamps  on  a  motor  car,  varying  from 
32  to  42  inches,  is  limited  by  considerations  of  body  design  to 
levels  somewhat  beloNv  those  that  experience  shows  to  result  in 
the  best  illumination.  The  height  of  37  inches  was  taken  as  typical 
of  practice.  By  means  of  the  various  cover  glasses,  and  tilting 
and  socket  adjustments,  the  distribution  of  the  light  on  the  road 
was  built  up  to  meet  the  desires  of  the  observer.  This  usually 
resulted  in  three  or  four  overlapping  beams  directed  one  before 
the  other  down  the  road  with  the  lateral  angular  spread  increasing 
toward  the  car.  Two  restrictions  placed  upon  the  observer  were, 
first,  that  the  intensity'  of  the  light  directed  to  the  "glare"  points 
"C"  and  "D"  of  the  specification  of  the  Committee  on  Motor 
Vehicle  Lighting  were  limited  within  the  maximum  values  there 
specified;  second,  that  no  provision  was  made  for  asymmetrical 
sidewise  distribution — the  right  and  left  halves  of  the  beam  from 
each  unit  w  ere  substantially  the  same. 

The  observer  was  requested  to  set  the  illumination  for  the 
different  parts  of  the  road  and  boundaries  at  the  lowest  values 
which  would  satisfy  him  from  the  standpoints  of  safety  and  afford 
a  reasonable  degree  of  convenience  in  operating  the  car.  These 
instructions  may  seem  rather  indefinite  but  in  practice  they  ap- 
peared to  be  followed  easily  by  the  observers  who,  as  a  rule,  had 
little  difficulty  in  quickly  forming  their  judgments.  It  should  be 
noted  that  unless  restricted  in  this  manner  the  lighting  chosen 
was  of  a  considerably  higher  order  in  intensity  and  of  wider 
spread.  The  data  shown  below  should,  therefore,  be  considered 
as  representing  the  lower  limits  of  good  practice  for  the  conditions 
indicated. 
10 
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Before  proceeding  to  make  recorded  determinations,  the 
observer  was  driven  over  various  roads  while  he  adjusted  the 
beam  by  means  of  the  rheostats  and  was  then  given  an  oppor- 
tunity to  change  the  cover  glasses,  the  relative  tilt  of  the  several 
units  or  the  tilt  of  the  bank  of  lamps,  or  otherwise  to  modify  the 
beam.  With  any  such  desired  changes  made,  the  procedure  was 
to  drive  over  roads  of  one  of  the  classifications  given  above  at 
speeds  up  to  25  miles  per  hour,  holding  fairly  closely  to  the  upper 
value,  and  to  allow  the  observer  to  vary  the  intensity  of  the  several 
units  until  he  had  satisfied  himself  as  to  what  he  considered 
desirable  lighting,  The  current  through  each  of  the  lamps  was 
then  read  and  recorded  and  the  rheostat  slides  pushed  down  till 
the  lighting  was  entirely  inadequate,  when  the  next  determination 
was  made. 

Similar  data  were  obtained,  although  not  with  all  observers, 
for  speeds  up  to  40  miles  per  hour;  the  settings  were  made  to 
provide  sufficient  illumination  for  holding  this  upper  value.  Ex- 
perience had  shown  that  for  most  conditions  the  need  for  further 
light  above  the  horizontal  became  rapidly  more  urgent  at  speeds 
above  25  miles  per  hour  in  order  that  the  road  might  be  revealed 
far  enough  ahead  to  proceed  safety  at  such  speeds.  For  the  data 
at  the  higher  speeds,  therefore,  the  observer  was  allowed  to  dis- 
regard the  matter  of  glare  and  to  add  such  light  as  he  desired 
above  the  horizontal,  being  required  only  to  turn  out  this  part  of 
the  beam  for  an  approaching  vehicle  or  pedestrian. 

The  car  was  finally  driven  into  the  laboratory  where  the  dis- 
tribution of  light  was  measured  from  each  unit  without  disturbing 
its  adjustment.  Measurements  were  made  with  a  portable  pho- 
tometer at  a  distance  of  80  feet  from  the  headlamps.  The  beams 
from  the  several  units  were  referred  to  one  vertical  axis,  so  that 
in  effect  the  recorded  data  do  not  apply  strictly  for  the  units  as 
used,  but  rather  for  a  single  unit  combining  the  several  beams. 
With  the  lamp  current  of  each  unit  recorded  for  the  different  set- 
tings, the  combined  beams  could  then  be  calculated.  For  conven- 
ience in  recording  and  analyzing,  the  results  were  plotted  as  lines 
of  equal  candle-power  in  a  vertical  plane  so  far  ahead  of  the  car, 
say  100  feet,  that  the  beam  may  be  considered  as  coming  from 
a  single  source,  as  illustrated  by  Fig.  8.     One  may  consider  such 
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Fig.  5— I.ocation  of  stations  at  road  level  for  which  candlepower  data  are 
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a  plot  as  representing  the  illuminated  field  in  this  plane  with  the 
brightness  of  the  various  parts  proportional  to  the  numerical 
values  on  the  several  lines. 

Instead  of  showing  the  complete  results  for  each  determin- 
ation, there  are  included  in  Tables  i  to  14  the  maximum,  average, 
and  minimum  candle-power  values  for  each  road  condition  at 
certain  points  selected  to  cover  the  various  things  it  might  be 
helpful  to  see  in  driving  along  an  unfamiliar  road.  The  location 
of  these  points  is  given  in  the  diagrams  of  Fig.  5  and  6  and  is 
further  illustrated  on  the  road  of  Fig.  7.  The  values  of  "average 
carKile-power  for  all  observers"  give  equal  weight  to  each  person ; 
that  is,  if  an  observer  made  more  than  one  determination  for  a 
given  road  condition,  the  average  of  these  was  taken  as  his  set- 
ting. 

The  average  candle-power  values  of  Table  4  are  found  ex- 
pressed in  Table  16  as  corresponding  values  of  illumination  on  a 
surface  normal  to  the  beam  and  at  the  road  level  for  the  same 
stations.  This  one  table  suffices  to  indicate  the  order  of  the 
illumination  and  the  variation  at  the  different  distances  ahead  of 
the  car. 

Unfortunately  some  of  the  observers  were  not  available  for 
a  sufficient  time  to  make  determinations  for  all  of  the  road  con- 
ditions; those  for  whom  data  were  obtained  on  wet  roads  were, 
for  example  not  available  when  the  roads  were  dry.  The  data 
are  therefore  not  so  complete  and  so  well  adapted  for  comparison 
as  would  be  desirable. 

In  some  of  the  earlier  tests,  means  were  not  provided  for 
bringing  the  highest  intensity  close  to  the  top  of  the  beam  and 
hence  the  observers  had  no  opportunity  to  choose  this  form  of 
distribution.  The  later  data  obtained  when  such  facilities  were 
afforded  indicate  that  the  highest  intensity  would  in  the  average 
case  have  been  set  for  angles  closer  to  the  horizontal,  in  other 
words,  projected  farther  down  the  road.  This  fact  should  be 
kept  in  mind  in  looking  over  the  Tables  and  curves  that  follow. 
At  the  same  time  it  should  be  noted  that  whenever  equipment 
giving  a  high  intensity  at  the  top  of  the  beam  was  employed,  it 
was  always  set  with  the  beam  directed  from  i  to  i! <  degrees  below 
the  limiting  height  at  which  it  could  be  directed  and  still  comply 
with  the  I.  E.  S.  specifications  for  the  "C"  and"D"  points.    With 
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this  type  of  beam  the  I.  E.  S.  specifications  are  not  adequate  to 
prevent  an  adjustment  resulting  in  undue  interference  with  the 
vision  of  the  approaching  driver  because  of  a  rapid  succession  of 
glaring  flashes  when  the  car  is  in  motion,  even  on  a  fairly  smooth 
road. 

In  one  particular  the  data  as  shown  may  not  apply  for  the 
points  indicated.  The  car  employed  is  driven  through  the  springs, 
and  with  this  form  of  drive  it  was  found  that  there  is  some 
deflection  of  the  springs,  aside  from  that  caused  by  the  loading 
of  the  car,  which  varies  with  the  pull  exerted.  The  actual  upward 
tilt  of  the  light  beams  occasioned  in  this  manner  has  not  been 
determined  exactly,  but  it  appears  that  it  may  in  some  cases 
amount  to  as  much  as  from  ^  to^^  degree.  It  varies  greatly  in 
driving  due  to  changes  in  the  pull  exerted,  the  effect  of  bumps, 
etc.,  and  for  this  reason  no  correction  was  attempted  for  this 
factor.  Correction  was,  however,  made  for  the  difference  in  the 
loading  of  the  car  during  the  determinations  and  in  the  laboratory. 

In  Table  1 5  the  average  candle-power  values  for  the  six  road 
conditions  are  assembled  for  ready  comparison.  One  might 
possibly  expect  to  find  the  desired  illumination  varying  inversely 
with  the  reflection  factor  of  the  road  surface  but  the  data  do  not 
show  such  results.  It  appears  that  the  illumination  on  surfaces 
such  as  light  curb  stones,  weeds  trees, fences,  etc.,  at  the  sides 
of  the  road  tended  to  define  it  sufficiently  to  make  a  relatively 
lower  brightness  of  the  road  surface  itself  satisfactory  in  the 
case  of  the  darker  roads. 

On  wet  pavements  the  desired  illumination  increased  both 
because  of  the  greater  specular  reflection,  directing  the  light  away 
from  the  car,  and  the  greater  distances  needed  for  bringing  the 
car  to  a  stop  on  the  slippery  surface.  More  particularly  was  the 
higher  intensity  demanded  near  the  top  of  the  beam,  which  light 
strikes  the  road  surface  at  more  nearly  the  grazing  angle.  On 
smooth,  level  pavements  it  was  noticed  that  the  effect  of  the 
specular  reflection  was  to  redirect  light  forward  to  signs,  fences, 
trees  and  other  vertical  surfaces  and  thus  reveal  the  road  so  far 
ahead  as  to  make  the  need  for  light  above  the  horizontal  less  ur- 
gent at  higher  speeds.  On  the  other  hand,  under  other  road  and 
boundary    conditions    the    need    for   increased    light    above    the 
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horizontal  became  urgent  at  materially  lower  speeds  than  with 
the  dry  road. 

From  Table  4  it  appears  that  the  greater  speed  of  vision 
required  at  the  higher  car  speeds  is  reflected  in  the  desire  for 
higher  intensities  not  only  far  down  the  road  but  also  somewhat 
closer  to  the  car. 

The  beams  indicated  by  these  tests  probably  are  not  suffi- 
ciently wide  to  be  satisfactory  under  certain  road  conditions  not 
included  in  the  determinations.  At  any  rate,  while  the  authors' 
settings  gave  results  of  the  same  order  as  those  of  the  recorded 
observers  on  the  roads  selected  for  the  tests,  they  found  a  wider 
spread,  particularly  at  the  bottom  of  the  beam,  of  distinct  value 
on  some  narrow  dirt  roads,  hilly  and  sharply  winding,  with  ditches 
on  either  side.  On  the  other  hand,  some  of  the  observers  were 
most  positive  in  their  objection  to  a  very  wide  beam  because  of 
the  distraction  caused  by  the  relatively  bright  vertical  surfaces 
of  grass,  weeds,  etc.,  at  the  side  of  the  road.  On  the  dirt  roads 
of  the  character  above  indicated,  the  need  for  greater  light  above 
the  horizontal  became  imperative  for  safe  driving  at  speeds  well 
below  25  miles  per  hour ;  without  it  one  was  often  limited  to  not 
over  15  miles  per  hour. 

There  was  light  from  a  half  moon  on  the  evening  when 
one  of  the  observers  made  his  determinations.  His  settings  were 
of  the  same  order  as  those  made  by  others  without  moonlight. 
Taken  out  on  a  dark  evening,  he  set  values  somewhat  lower 
except  at  the  higher  speeds.  Moonlight  reduces  considerably 
the  need  for  additional  light  from  the  headlamps,  at  and  above 
the  horizontal  for  driving  at  high  speeds.  It  appears  that  what 
is  desired  by  the  driver  is  an  idea  of  where  the  road  goes  to, 
so  that  he  may  be  prepared  for  dead  ends,  sharp  turns,  crossings, 
signs,  pedestrians,  or  any  large  obstructions.  All  of  the  e.xperi- 
ences  seem  to  indicate  that  the  illumination  of  the  vertical  surfaces 
adjacent  to  the  road  bed  in  the  distance  is  one  of  the  chief  re- 
quirements from  the  upward  light. 

Poor  street  lighting  seemed  not  to  decrease  the  illumination 
desired  from  the  headlamps  but  rather  to  increase  it  slightly; 
with  better  street  lighting  the  intensity  set  at  points  far  ahead  of 
the  car  was  appreciably  reduced.     Street  lamps  serve  very  well 
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Fig.  8— Cross-section  of  average  beam  for  14  foot  red  brick  paved 
country  highways,  dry,  for  car  speed  of  25  miles  per  hour  (see  Table  i). 
Lines  of  equal  candlepovver  in  vertical  plane  so  far  ahead  of  car, 
say  100  feet,  that  beam  may  be  considered  as  coming  from  a  single 
source. 
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Kig.  9— Cross-section  of  average  beam  for  14  foot  red  brick  paved 
country  highways,  wet,  for  car  speed  of  25  miles  per  hour  (see  Table  2). 
Ivines  of  etjual  candlepower  in  vertical  plane  so  far  ahead  of  car, 
.sny  100  feet,  that  beam  may  be  considertd  ns  coming  from  n  single 
source. 
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Fig    lo-Crosa  section    of  average  beam  for  n-toot  red  brick  paved 

country  highwnys.  wet,  for  car  speed  of  40  miles  per  hour  (see  Table  4). 
Unes  of  equal  candlepower  in  vertical  plane  so  far  ahead  of  car. 
•ay  100  feet,  that  beam  may  be  considered  as  coming  from  a  single 
source. 
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to  indicate  where  the  road  leads  and  thus  tends  to  make  high 
intensities  at  and  above  the  horizontal  unnecessary  even  for 
high  speeds. 

Smoothness  of  beam,  that  is,  freedom  from  streaks  or 
striations,  was  found  to  have  considerable  effect  in  facilitating 
the  determinations  and  appeared  to  reduce  the  total  amount  of 
light  desired. 

In  Figs.  8,  9,  and  lo,  some  of  the  typical  data  are  shown 
plotted  as  lines  of  equal  candle-power  in  a  vertical  plane  lOO  feet 
ahead  of  the  car.  The  data  of  Fig.  lo  are  translated  in  Fig.  11  into 
lines  of  equal  illumination  for  surfaces  normal  to  the  beam  at  the 
road  level.  Fig.  9  covers  the  road  condition  for  which  the  greatest 
illumination  was  demanded.  It  should  be  noted  that  the  curves 
represent  the  average  of  the  determinations  for  several  observers ; 
in  determining  what  would  constitute  good  practice  one  would 
doubtless  wish  to  give  some  weight  to  the  desires  of  the  observers 
who,  because  of  abnormal  vision,  temperament,  or  other  reasons, 
desired  lighting  from  20  to  100  per  cent  higher  in  intensity,  as 
shown  in  the  Tables. 

In  considering  any  data  of  this  kind  from  the  standpoint  of 
lighting  equipment  for  a  car,  it  must  further  be  borne  in  mind  that 
because  of  conditions  beyond  the  control  of  the  car  owner,  such  as 
large  variations  in  voltage  at  the  lamp,  departures  from  a  perfect 
product  in  sockets,  incandescent  lamps,  reflectors,  and  cover 
glasses,  and  depreciation  in  some  of  these  elements,  the  laboratory 
tests  with  selected  equipment  must  in  general  show  twice  the 
intensity  values  which  it  is  desired  to  insure  that  the  car  owner 
obtain  at  all  times  in  service. 

The  data  presented  are,  as  stated  above,  what  the  observers 
considered  the  minimum  desirable  from  the  standpoints  of  safety 
and  reasonable  convenience  in  driving  under  the  given  conditions. 
A  higher  order  of  intensity  was  in  every  case  considered  to  reduce 
the  strain  of  night  driving  and  contribute  to  the  safety  and  enjoy- 
ment of  the  driver  and  his  passengers,  while  also  minimizing  the 
danger  to  the  other  people  on  the  road. 
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0» 
0* 

0* 

0* 
4» 

0* 
8* 

0*         1* 

12'        0' 

r      1* 

4*         8* 

3* 
0* 

3* 
4* 

Sttttiun  .Number 

A 

62 

E 

" 

oj    1     C 

D    j    toV 

71 

^^1 

1            t 
Mai.  cp.  setting      .          '    '• 
Ave.  cp.  fur  all  obaervent    . 
.Miu,  cp.  setting 

< 

i         ! 

.0 
s 

.  !  J 

'Li^ht  from  tiulf  mouu  fur  daLermtnati.iUs  of  out)  ub«er«e.- 
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TABLE  2 


Country  Highways 

Wet 

Speed — 25  miles  per  hour 

Observers — 3  * 


14-Foot  Red  Brick  Pavement 
No  Street  Lighting 

Determinations — 4 


POINTS  AT  ROAD  LEVEL 


Distance  ahead  of  car. .  . 
Angle  below  horizontcJ. 

25' 

7° 

29' 
6° 

35' 
5° 

44' 
4° 

60' 
3° 

88' 

2° 

115' 
1.5° 

140' 
1.25° 

175' 
1° 

250' 
0.7° 

440' 
0.4° 

Station  (32.2'  to  side) . .  . 

30 

25 

20 

15 

10 

5 

335 

215 

30 

400 

257 

60 

500 
327 

70 

670 

434 

92 

900 
613 
140 

3150 

1917 

700 

Station  (18.8'  to  side) 

44 

39 

34 

29 

24 

19 

14 

9 

4 

220 

154 

23 

300 

197 

22 

425 

280 

35 

560 

388 

55 

900 
652 
155 

1400 
917 
150 

2010 

1315 

334 

4000 

2533 

800 

6200 

Ave.  cp.  for  all  observers 

37  42 

2125 

Station  (12.8'  to  side) 

48 

43 

38 

33 

28 

23 

18 

13 

8 

3 

Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


170 

104 

23 

300 

207 

30 

460 

309 

39 

620 

432 

55 

2100 

1447 

212 

3500 

2347 

390 

4600 

3317 

750 

6010 
3973 
1210 

7000 
4075 
2225 

8000 
5558 
4200 


Station  (6.2'  to  side) 


47 


17 


12 


Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


290 

195 

46 


900 
560 
106 


3300 

1733 

315 


10400 

5308 

565 


11700 
6852 
1505 


10000 
7010 
2330 


10100  11400 
7800  7990 
3300  4585 


9800 
7550 
6250 


8800 
62  00 
4650 


Station  (0'  to  side) 


51 

46 

41 

36 

31 

26 

21 

M 

B 

6 

Max.  cp.  setting .  . 
Ave.  cp.  for  all  observers 
Min.  cp.  setting..  . 


700 

1350 

3500 

11000 

16000 

16600 

14900 

13400 

13000 

12000 

384 

900 

2209 

7020 

9333 

12095 

12467 

12117 

11500 

9t50 

205 

550 

1099 

3840 

4040 

6885 

8900 

9950 

10500 

7500 

9500 
67  50 
5000 


POINTS  ABOVE  ROAD  LEVEL 

Angle  above  horizontal. 
Angles  right  and  left.  .  .  . 

0° 
0° 

0° 

2° 

0° 

4° 

0° 
8° 

0° 
12° 

1° 

0° 

1° 

4° 

1° 
8° 

3° 
0° 

3° 

4° 

Station  Number 

A 

62 

E 

64 

65 

C 

D 

69 

71 

73 

Max.  cp.  setting 

Ave.  op.  for  all  observers 
Min.  cj).  setting 

6950 
4416 
2997 

5030 

2778 
1205 

1865 

1206 

405 

470 
343 
118 

350 

234 

52 

1670 

1167 

830 

735 
563 
255 

337 

245 
97 

302 
230 
168 

.300 
228 
116 

•Drlz/.liiig  rain  and  slight  mist  for  otic  obsorvt 
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TABLE  9 


Country  Ili):li««av« 
I>r.v*      \\«f      Siiow 
SiK*«*d — 2o  iiiilrn  prr  hour 
Ol»Hrr%crt» — 11 

(8  tlrv,  3  M(-t,  2  snow) 


ll-F«M»t  Rf«l  Itrick  Pavement 
No  Street  lJ|{htiiig 

DctrrminationH — 24 
(19  dry,  3  %*«-t,  2  nnow) 


I'd  NTS  AT  ROAD  I.EVKI. 


DisUltK  •-  ..lira 

1  ..f  .«r 
iitrizitiitol 

25' 

•*  • 

29' 
6* 

35' 
5* 

44' 
4* 

6U' 
3* 

SH' 

2* 

115' 
1.5* 

I40' 
U5* 

175' 
1* 

2  SO' 
0.7* 

440* 

Allele  Jk^..* 

0.4* 

Sutioo  (U.r 

to  aide) 

3* 

25 

20 

IS 

10 

s 

Ave.  cfk.  for  dry  surfaoe 
Ave.  cfK  fur  wet  aurfaoe 
Ave.  cp.  ftir  suuw  covered 


110 

215 

84 


215      250 

257      327 
85       100 


365  710  1660 
434  6131  1917 
165      270      825 


Sutioa  (18.r  toside) 


44        39        S4       29        24        19        14 


Ave.  cp.  for  dry  surfuoe 
Ave.  i-p.  foe  wpi  Burfnce 
Ave.  cp.  for  aiiuM  cuvtred 


45 

154 

40 

60 

197 

62 

100 
280 
108 

250 
388 
130 

580 
652 
308 



830  1180  1870  2310 
917  1315'  2533]  37  42 
395      593      943,   1690 


Station  ( 12.8'  to  aide) 


48         43 


38 


33        28 


18 


13 


Ave.  cp.  for  dry  surfaoe 
Ave.  cp.  for  wet  suKaoe 
Ave.  cji,  for  Buow  covered 


40 

104 

34 


60 

207 

55 


105 

265 

815 

1600 

2160 

2640 

2990 

309 

432 

1447 

2347 

3317 

397  3 

407  5 

110 

155 

532 

913 

838 

1525 

1955 

55  58 
2108 


Statioo  (6^'  to  aide) 

47 

42 

37 

Q 

F 

P 

17 

12 

7 

^ 

Ave,  cp.  for  dry.  ■urfaoe 

Ave   cp.  for   *el  surfaoe 

Ave.  cp.  for  aoovk  covered 

215 

195 

54 

395 

560 
179 

960    2120 

1733    5308 

451     1469 

4140 
6852 
2513 

5160    S200    443o|  389o|  3090 
7010    7800,10320'  7550i  6200 
2975    3463    3443.  26881  2245 

Statioo  (0"  to  aide) 

51 

46 

41 

36 

31 

26 

21 

M 

B 

6 

1 

Ave.  cp.  for  dry  surfaoe 
Ave.  cp.  for  wet  surfaoe 
Ave.  cp,  for  suow  covered 


700 
384 

204 


1700 

2590 

4950 

900 

2209 

7020 

414 

1051 

2203 

.  .jU      j1'..i.) 


5750 
11500 
1   4015 

4320 
9450 
3150 

3060 
67  50 
2550 


IHiINfS  AliOVK  Rovn   I.KVKL 

Aui;lr  uLxxr  li-irLi'tntal 
Anctes  left  aJid  ri«rLt 

0*         0* 
0*         2* 

0* 
4* 

0*         0*          !•         1* 
8*        12*        0*         4* 

r 

8* 

3- 
0* 

4* 

Statioo  Number 

A 

62 

E 

64 

65 

C 

D 

69 

71 

n 

Ave.  cp.  for  dry  surfacv  2070 

Ave.  cp.  fur  wei  surface  4416 

A ve.cp.  for  suuw  cut  rrnd  1590 

'f'roiD  TuUe  1 


1730 
2778 
1188 


1075 

1206 

490 


380  170  930 
3^131  234'  1167 
166.    88   5»3 


685 

S63 
314 


265  270  235 
245  230  228J 
109       149       153 


••Krom  Tahie  2 
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TABLE  4 


Country  Highways 

Dry 

Speed — 40  miles  per  hour 

Observers — 6 


14-Foot  Red  Brick  Pavement 
No  Street  Lighting 

Determinations — 1 1 


POINTS  AT  ROAD  LEVEL 


Distance  ahead  of  car .  .  . 
Angle  below  horizontal. 


25' 

7° 


29' 
6° 


35' 
5° 


44' 

4° 


60' 
3° 


88' 

2° 


115' 
1.5° 


140 
1.25' 


175' 
1° 


250' 
0.7° 


440' 
0.4° 


Station  (32.2'  to  side) 


30 


25 


20 


10 


Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


750 
350 
130 


2008 
670 
225 


5200 

1890 

430 


32500 
85  80 
1150 


Station  (18.8'  to  side) 


39 


34 


29 


19 


14 


858 
360 
160 

1850 
840 
290 

3250 

1440 

450 

16142 

4790 

583 

20800 
6440 
1150 

34500 

Ave,  cp.  for  all  observers 

161  00 

3600 

Station  (12.8'  to  side) 

48 

43 

38 

33 

28 

23 

18 

13 

8 

3 

Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


903 
380 
196 


2568 

1170 

441 


8000 

3320 

675 


15850 
5550 
1200 


15385 
5830 
1551 


28500 

10600 

3250 


44500 
27200 
13500 


Station  (6.2'  to  side) 


42 


37 


17 


Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


735 
280 
100 


1457 
570 
261 


2499 

1190 

500 


5176 
3040 
1335 


14770 
6780 
2153 


18500 
8950 
3600 


24400 

11300 

4500 


23975 

14800 

9000 


48000 
25400 
16150 


73500 
41900 
22550 


Station  (0'  to  side) 


51        46        41        36        31        26        21        M 


Max.  cp.  setting .  . 
Ave.  cp.  for  sdl  observers 
Min.  cp.  setting. .  . 


1394 

3044 

7491 

10704 

15672 

31324 

60000 

75250 

88055 

96000 

870 

1920 

3860 

7240 

11800 

17400 

27900 

36200 

42800 

48500 

500 

800 

1500 

5000 

10000 

9820 

14250 

17800 

20355 

22200 

98000 

51500 

3000 


POINTS  ABOVE  ROAD  LEVEL 

Angle  above  horizontal. 
Angles  left  and  right .... 

0° 
0° 

0° 

2° 

0° 

4° 

0° 
8° 

0° 
12° 

1° 

0° 

1° 

4° 

1° 
8° 

3° 
0° 

3° 

4° 

Station  Number 

A 

62 

E 

64 

65 

c 

D 

69 

71 

73 

Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


89651 

46300 
22789 


25669 
15000 
6500 


.39192 

9150 

906 


3.363 

1150 

320 


746 
320 
150 


39200 
21400 
12000 


21408 

5650 

625 


1602 
630 
280 


3650 

2140 

761 


4900 

1520 

370 
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tabu:  5 

Country  Iliphways  1  i-FiMit  I{<-<1  iiriik  Pavement 

Dry  No  Stre«-t  Lighting 

Spt-e*! — 25*  unJ  40**  miles  per  huur 

Observers — 8  l>eterminattons — 30 

(7  at  25  mph.,  6  ut  40  mph.)  (19  at  25  mph.,  11  at  40  mph.) 


IMINTS  AT  BOAD  LK\  KL 


Diatance  ahead  uf  car . 
Aacle  bslow  bortsnatal. 

25' 

29' 
6* 

35' 
5* 

44' 
4* 

60' 
3* 

88' 
2* 

115' 
1.5* 

140* 
1J!5* 

175' 
1* 

25o'  '  44«' 
0.7*  1  0.4* 

SutioD  1 32JI'  to  aide) 

30 

25 

20 

IS 

10 

5 

Ave.  cp.  for  25  mph    .  . 

110 

215 

250 
350 

365 
670 

710 
1890 

1660 
8580 

Sutioo  il8.8'  to  •ide) 

44 

39 

34 

29 

24 

19 

14 

9 

4 

45 

60 

100 

250 
360 

580 
840 

830 
1440 

1180 
4790 

1870    2310 

6440  16100 

Statioo  ( 12.8'  to  side) 

48 

43 

38 

33 

28 

23 

18 

13 

8 

3 

Ave.  rp.  for  2S  mph .... 

40 

60 

105 

265 
380 

8151   1600    2160 
1170    3320    5550 

2640 
5830 

2990'  2840 
10600  27200 

1 

Sutioo  (6Jf  to  aide) 

47 

42 

37 

Q 

V 

P 

17 

12 

7 

2 

215 
280 

395 
570 

960 
1190 

2120 
3040 

4140 
6780 

5160!   5200 
8950,11300 

1 

4430 
14800 

3890    .^090 

25400,41900 

Sution  ((f  to  side) 

51 

46 

41 

36 

31 

26 

21 

M 

B 

6 

1 

Ave.  cp.  for  25  mph    ... 
Ave.  cp.  fur  40  mph    .  .  . 

700 

r7o 

17001  2590    4950 
19201   3860    7240 

8750!  10500    84001   7200 
USOOi  17400  27900  36200 

1            1            1 

5750 
42800 

1 

4320'   3060 

48500;51500 

I'dlMS  AH<>\i;   M 

ii.M» 

L 

l.h\l 

Aoffle  above  borisoatal . 
Ancles  left  and  ri^t      .  . 

0*        0* 
0*        2* 

0* 
4* 

0* 

0* 
12* 

1* 
0* 

1* 
4* 

3» 
0' 

3* 
4* 

Statiuu  Numbt- 

.  ,« 

E 

64 

65 

C 

D 

69 

71 

''    I 

Ave,  cp.  for  25  mph 
Ave.  cp.  for  40  lujih 

207o!   I73o'   1075'     380 
4t>300  15<)00    V450     1150 

1            1            '            1 

170l     930'     685'     265 
3::o  2UO0    St>30      630 

270 
2440 

235' 
1520 

1 

•FrocB  Table  1 


**FrutB  Table  4 
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TABLE  6 


Suburban  Highways 

Dry 

Speed — 25  miles  per  hour 

Observers — 7* 


24-Foot  Red  Brick  Pavement 
Poor  Street  Lighting-Wide  Spaeing 


Determinations — 10 

POINTS  AT  ROAD  LEVEL 


Distance  ahead  of  car .  .  . 
Angle  below  horizontal. 

25' 

7° 

29' 
6° 

35' 
5° 

44' 
4° 

60' 
3° 

88' 

2° 

115' 
1.5° 

140' 
1.25° 

175' 
1° 

250' 
0,7° 

440' 
0.4" 

Station  (32.2'  to  side) 

30 

25 

20 

15 

10 

5 

600 

174 

35 

900 

262 

50 

1000 

304 

70 

1050 
366 
100 

1350 
542 
250 

2550 

Ave.  cp.  for  all  observers 

1397 

583 

Station  (18.8'  to  side) 

44 

39 

34 

29 

24 

19 

14 

9 

4 

140 
76 
10 

180 
101 

25 

295 

170 

30 

880 

346 

80 

1200 
528 
130 

13.50 
637 
200 

1950 
901 

440 

2450 

1592 

970 

3900 

Ave.  cp.  for  all  observers 

2527 

1470 

Station  (12.8'  to  side) 

48 

43 

38 

33 

28 

23 

18 

13 

8 

3 

150 
69 

25 

180 
106 

25 

317 
174 

40 

572 
327 

75 

1360 
804 
145 

2250 

1222 

500 

2500 

1687 

930 

3000 

2271 
1300 

4200 
3048 
1660 

5600 

Ave.  cp.  for  all  observers 

3444 
1897 

Station  (6.2'  to  side) 

47 

42 

37 

Q 

F 

P 

17 

12 

7 

2 

635 

285 

65 

1110 

487 
80 

1698 
938 
140 

4700 
2913 
1730 

6000 
3843 
2200 

7100 
4996 
2700 

8300 
5443 
2650 

8300 
5519 
2600 

7500 
4544 

2470 

6800 

Ave.  cp.  for  all  observers 

3832 
1810 

Station  (0'  to  side) 

51 

46 

41 

36 

31 

26 

21 

M 

B 

6 

1 

Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 

2070 
919 
206 

17000 
4149 

424 

7700 

3319 

800 

14400 
6467 
1882 

24000 

11671 

3622 

24500 

12387 

4388 

18000 

10311 

4300 

14000 
8583 
4100 

11400 
7040 
3795 

9200 
5290 
2800 

7500 
4166 
1700 

POINTS  ABOVE  ROAD 

LEVEL 

Angle  above  horizontal. 
Angles  left  and  right .... 

0° 
0° 

0° 

2° 

0° 

4° 

0" 
8° 

0° 
12° 

1° 

0° 

1° 

4° 

1° 
8° 

3° 
0° 

3° 

4° 

Station  Number 

A 

62 

E 

64 

65 

c 

D 

69 

71 

73 

Max.  cp.  sotting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 

5600 

3002 

937 

3400 

1997 

840 

2300 

1018 

360 

880 
326 
125 

220 

121 

75 

1900 

1030 

459 

1700 
596 
265 

710 
259 
115 

400 
227 
126 

600 
258 
107 

*Light  from  hnlf  moon  for  one  observer. 
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TABLK  7 


Siiliiirhaii  IIiKh\«a>s 
Wft  c-fiitiT  \*ith  >iii»\»  on  lM>tli  »ide8 
Dry  rrtitcr  \%it)i  .siii>\^  uii  one  Hide 
Sptfd^So  iiiilcb  |>er  hour 
Observers — 1 


2-1- Foot  Red  Brick  Pavement 
Poor  Street  Lighting 

DeterniinutioiiH — 4 

(2  for  each  condition) 


IHUM^  AT  ROAD   I.KN  KL 


Distan.o  iiti.Mii  ..f..ir            25' 
Angle  Ix-low   hurizuulal .       7* 

29' 
6* 

35' 
5* 

44' 
4* 

60' 
3* 

88' 

2* 

115' 
1.5* 

140'     175' 
IJ!5'     1* 

250'     440* 

0.7*    0.;* 

Station  (32j;'  to  side) 

30 

25 

20 

15 

10,        . 

Ave,  cp.  for  wet  center  . 

90 
85 

130      150 
100      110 

210      450    1650 

165      300    1175 

Station  (18.8'  to  side) 

44 

39 

34         29 

24    j    19        14    1      9          4 

85 
65 

100 
85 

125      200 
120      140 

375      600      950 
250      400      610 

2050    3600 

Ave.  cp.  for  dry  center. 

1550    2750 

Station  (12.8'  to  side) 

48 

43 

38 

33 

28 

23 

18 

13 

8    1      3 

Ave.  cp.  for  wet  center    . 

60 
45 

115 
85 

155 
130 

225      910 
175      550 

1600    2175    3070    3850 
1050    1600    2160    2900 

4500 
3975 

Station  (6^'  to  side; 

1 

47     1    42 

37    j     Q     1     F         P 

17 

12 

7 

2 

Ave.  cp.  for  wet  center    . 

110 

75 

215      425 
170      420 

24S0    3500    4600 
1590    2310    3000 

5650    6210    5550    4875 
4175    4785'   4850    4450 

1 

i            1 

Sution  (C  to  side) 

51 

46 

41 

K 

31 

26 

21 

M 

B 

6          1 

Ave.  cp.  foe  wet  center 
Ave.  cp.  for  dry  center. . 

175      310      800l   1070    4150    6675    771o|  795o|  7760    6700    5530 
110      235      6101    1080    2600    5050    5775    59101   5820    5100    4700 

1             '                         '             1            1            1 

POINTS  ABOVE  ROAD  LEVEL 

Angrle  above  horizontal . 
Angles  left  and  right .... 

0°         0* 
0*         2* 

0*         0° 
4*         8* 

0* 
12* 

1* 
0* 

1* 
4* 

1* 
8* 

3* 
0* 

3* 
4* 

Station  Number 

A 

62 

E 

64 

65 

C 

D 

69 

71 

73 

Ave.  cp.  for  wet  center        4070    2800      960      210        95      875      360      155      165      140 
Ave.  cp.  for  dry  center.       3550!  2145|     730       150         85      725'     285       1851      13o!       90 

498      TRANSACTIONS  I.  %   S.        VOI..  XVI,  NO.  8,  NOV.  20,   I92I 


TABLE  8 


Suburban  Highway 

Dry 

Speed — 25  miles  per  hour 

Observers — 6  * 


30- Foot  Red  Brick  Pavement 
Poor  Street  Lighting 

Determinations — 6 


POINTS  AT  ROAD  LEVEL 


Distance  ahead  of  car .  .  . 
Angle  below  horizontal. 

25' 

7° 

29' 
6° 

35' 

5° 

44' 

•40 

60' 
3° 

88' 

2° 

115' 
1.5° 

140' 
1.25° 

175' 
1° 

250' 
0.7° 

440' 
0.4'' 

Station  (32.2'  to  side) 

30 

25 

20 

15 

10 

5 

350 

130 

50 

550 

200 

70 

600 
230 
100 

690 
340 
130 

1300 
710 
380 

3000 

Ave.  cp.  for  all  observers 

1610 

600 

Station  (18.8'  to  side) 

44 

39 

34 

29 

24 

19 

14 

9 

4 

90 
50 
25 

110 

70 
50 

300 
140 

70 

550 
250 
125 

800 
510 
450 

1500 
820 
500 

1800 

1110 

835 

3700 
1900 
1150 

4200 

Ave.  cp.  for  all  observers 

2630 

1650 

Station  (12.8'  to  side) 

48 

43 

38 

33 

28 

23 

18 

13 

8 

3 

70 
40 
20 

120 
70 
35 

385 
155 

75 

440 
235 
160 

1320 
790 
700 

3200 
1580 
1200 

4800 
2180 
1600 

5500 
2580 
1630 

5600 
3250 
1900 

4500 

Ave.  cp.  for  all  observers 

3430 
2000 

Station  (6.2'  to  side) 


47 

42 

37 

Q 

Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


475 

190 

70 


850 
315 
135 


1285 
790 
500 


3500 
2070 
1420 


7700 
4270 
2640 


11000 
5600 
3500 


9900 
5700 
3800 


8000 
5480 
4000 


6000 
4720 
3700 


5300 
3780 
2000 


Station  (0'  to  side) 

51 

46 

41 

36 

31 

26 

21 

M 

B 

6 

1 

Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 

1400 
630 
500 

3000 

1310 

985 

8000 
2990 
1250 

13000 
6170 
2300 

19000 
11550 
9000 

18000 

11360 

5700 

13700 
9900 
5300 

12200 
8750 
4900 

lOOOO 

7270 
4560 

7300 
5400 
3000 

5700 
3900 
2000 

POINTS  ABOVE  ROAD 

LEVEL 

Angle  above  horizontal . 
Anglesleft  and  right.  .  .  . 

0° 
0° 

0° 

2° 

0° 

4° 

0° 
8° 

0° 
12° 

1° 
0° 

1° 

4° 

1° 
8° 

3° 
0° 

3° 

4° 

Station  Number 

A 

62 

E 

64 

65 

C 

D 

69 

71 

1 
73 

Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 

4300 
2710 
2300 

3100 

2070 

725 

1800 
720 
415 

680 
335 
175 

200 
35 
70 

1600 

1030 

900 

1100 
580 
230 

450 
225 
115 

400 
285 
125 

350 
215 
110 

*Light  from  half  moon  for  one  observer. 


ROAU  ILLUMINATION    FROM    Al'TOMOmLE   HEAULAMI'S         4<J(J 


TAULK  «» 


Sultiirhaii  llijjiiwuy 

Wet  (.filter  >«itli  Siiom  tin  iMttli 

Si<l«*s 
S|uhh1  — 25  iiiilcH  |KT  liuiir 
t)b!»erver« — 1 


:Ul-F(Mit  K<<1  Hri<  k  Paveinrnt 
I'lMir  Str«-«-t  l.iKl>t>i*K 


DctcniiiiiutiotiH — 2 
I'd  NTS  AT  ROAD  LEVEL 


DiBtJtut'v  aliivid  t>r  car  . 
AukIo  lieiow  liorixoiital 


25' 


29' 
6* 


35' 
5* 


4* 


60'   88' 
3*    2* 


115' 
1.5* 


110' 
1.25' 


175' 
1* 


250' 
0.7* 


0.4* 


Station  (32J!'  to  aide) 

30 

25 

20 

15 

10 

5 

207 
130 

125 

200 

175 
230 

197 
340 

525 
710 

1175 

•Ave.  cp.  for  dry  and  no 

1610 

Sution  (18.8-  to  Bide) 

44 

39 

34 

29 

24 

19 

14 

9 

4 

Ave.  cp.  fur  wet  and  snow 
•Ave.  cp.  for  dry  and  no 


155 
140 


201 
250 


325 
516 


525   780 
820  1110 


1575 
1900 


2250 
2630 


Station  ( 12.8'  to  side) 


48 

43 

38 

33 

28 

18         13 


Ave.  cp.  for  wet  and  snow 
•Ave,  cp.  for  dry  and  no 

snow 


100 
70 


165 
155 


218|     768    1550    1725    2205 
235!     790    1580    2180    2580 


2575    5075 
3250    3430 


Station  {6J2'  to  side) 

47 

42 

37 

Q 

F 

P 

17 

12 

7 

2 

Ave.  cp.  for  wet  and  snow 
•Ave.  cp.  for  dry  and  no 

105 

190 

207 
315 

563 

790 

2315 
2070 

2863 
4270 

3500 
5600 

4100 
5700 

5140 
5480 

6925]  7175 
4720    3780 

Station  lO'  to  aide > 

51 

■Ui 

41 

36 

31 

26 

21 

M 

B 

6 

1 

Ave.  cp.  fur  wet  and  snow 
•Ave.  cp.  fur  dry  and  no 


156 
630 


276 
1310 


715 
2990 


1350    3360|   6250J  87S0i  10200  10425    9775    S4S0 
6170' 1 1550  113t)0    9900'   8750    7270    5400    3900 


l>01M^  ABO\K  HUAD 

LKVKL 

Angle  above  hurixoutul . 
Angtesleft  and  ritrbt 

0° 
0* 

0* 
2* 

0* 
4" 

0" 
8" 

0* 
12' 

1* 
0* 

1* 
4* 

1* 
8* 

0'        1 

StatMO  Number 

A 

62 

E 

64 

65 

C 

D 

69 

71        73    j 

Ave.cp.farwetaudBnow    5300    2053 
•Ave.  cj>.  for  dry  and  no 

BU..W       .  I  2710    2070 

•From  TalUe  7. 


659 

720 


124 
335 


152 
85 


765 
1030 


SIS      ISS 

580      22s 


ISO 
285 


133j 
213 


II 


5CXD      TRANSACTIONS  I.  E.   S.        VOIv.  XVI,  NO.  8,  NOV.  20,   I92I 

TABLE  10 


Country  Road 
Dry — Wet — Snow 
Speed — 25  miles  per  hour 
Observers — 5 

(2  dry,  *2  wet,  1  snow) 


16-Foot  Crushed  Stone  Surface 
No  Street  Lighting 

Determinations — 5 


POINTS  AT  ROAD  LEVEL 


Distance  ahead  of  car .  .  . 
Angle  below  horizontal. 

25' 

7° 

29' 
6° 

35' 
5° 

44' 

4° 

60' 
3" 

88' 

2° 

115' 

1.5° 

140' 
1.25° 

175' 
1° 

250' 

0.7° 

440' 
0.4° 

Station  (32.2'  to  side) 

30 

25 

20 

15 

10    5 

Ave.  cp.  for  dry  road . 
Ave.  cp.  for  wet  road . 
Cp.  for  snow 


150 

120 
35 


382 

120 

80 


875  2350 
280  750 
200      390 


Station  (18.8'  to  side) 


39 


34 


29 


24 


19 


Ave.  cp.  for  dry  road . 
Ave.  cp.  for  wet  road . 
Cp.  for  snow 


82 

135 

20 


170 

595 

1050 

]80 

330 

425 

37 

130 

200 

1350 

700 
290 


2750 
1175 

400 


3850 

2120 

900 


Station  (12.8'  to  side) 


43 

38 

33 

28 

23 

18 

13 

8 

Ave.  cp.  for  dry  road . 
Ave.  cp.  for  wet  road . 
Cp.  for  snow 


95 

180 

20 


192 

190 

35 


1085 
510 
135 


2200 
920 
320 


3200 

1450 

450 


4050 

4750 

1550 

3050 

610 

1100 

4950 
3150 
1100 


Station  (6.2'  to  side) 

47 

42 

37 

Q 

F 

P 

17 

12 

7 

2 

137 

175 
23 

262 

280 

65 

995 

425 
130 

2950 

725 
430 

6450 
2350 
1360 

9300 
4140 
2200 

9000 
5450 
2050 

7850 
6380 
1810 

6650 
5650 
1600 

5550 

3850 

1200 

Station  (0'  to  side) 

51 

46 

41 

36 

31 

26 

21 

M 

B 

6 

1 

Ave.  cp.  for  dry  road . .  . 
Ave,  cp.  for  wet  road .  .  . 

900 
245 
190 

1850 
505 
300 

4350 
820 
770 

8600 
1550 
1650 

15000 
4260 
5100 

16400 

7290 

12700 

14650 
8300 
7000 

13100 
8500 
4000 

10700 
8270 
2660 

7950 
7170 
1800 

5600 
4750 
1250 

POINTS  ABOVE  ROAD  LEVEL 


AiikIo  ahovo  horizontal. 
AuglfM  ri{<hl  and  left.  .  .  . 

0° 
0° 

0° 

0° 

4° 

0° 
8° 

0° 
12° 

1° 

0° 

1° 

4° 

1° 
8° 

3° 
0° 

3° 

4° 

Station  Number 

A 

62 

I-: 

64 

65 

c 

D 

69 

71 

73 

Ave.  <;p.  for  dry  road  .  .  . 
Ave.  cp.  for  wet  roud .  . 

3950 
1640 
780 

3050 

975 
590 

1550 
418 
290 

360 
158 
92 

132 
81 
28 

1550 
530 
435 

750 
215 
225 

240 

104 

71 

500 
154 
III 

250 
116 
116 

"l.ixlil,  from  tiiilf  rii<M>n  for  one  observer  and  wot  roiid. 


ROAD  ILLUMINATION    KKOM    AITUMOBII.F.    lUAOLAMPS         5OI 
I  \Hl>:  II 


Outlyiiifi  PurkHMv 

llry 

S|K-r«l  —  25  iiiiirn  \nr  Imiir 


2t-Fi»ot  Dark    I'ur^iji  P«vrinriit 
•No  Mrrri  luKhtiiiK 


I>rtrrniinatiuu»- 

I  til  MM  M    H(iAI>  I.KVEL 


I>M(All.nr  al>r.i.|  ..f.ar 
Auirir    l»-J..«»     ll.*u.i;itrtl 

25'       29*       S5' 

7*        6*        5' 

♦4' 

4* 

60' 
3* 

2* 

115' 

I4U' 

il7V 

1     '• 

2SO'  1  440' 
0.7  •      0.4* 

Sutiuu  i3Z^  toaiae)                  .            .            . 

1" 

25 

20 

15 

10    1       5 

Mai.  cp.  •«ttinc 

450 
175 
60 

•00 
XSO 
100 

900 
365 

ISO 

1000 
620 
110 

4750 

1470 

335 

4000 

2210 

aoo 

K  »  c.  f|..  fiif  all  ufaMTVOfS 

Miu.  cp.  afiiiiiK 

Siatiua  1  laui'  U>  aide) 

44 

59 

34 

29 

24 

19 

14 

9 

4 

Ma«.  pp.  aettins 

ISO 
80 
3U 

200 

100 

50 

1 

! 

Ave.  cp.  for  all  ubMrvera 

Min.  cp.  arltiuK 

' 

'1 

Sutiaa  ( 12.8'  tu  aidr) 


Mai.  cp.  aettioc 
A  »e,  cp.  fur  all  < 
Min.  cp.  a^ttiog 


43 


38 


28 


23    lU  ,  li 


120 
70 
30 


200 

110 

40 


S20 

220 

60 


1700 
610 
330 


0400 
680 


10000 
4090 
1170 


6000  5300 
3700  3500 
1400  1620 


SutticMi    bji'  to  side) 


37 


12 


Max.  cp.  aetting  .  .  .  .  . 
A  vp.  cp.  fur  all  ufaaflrvoB 
Min.  €rp.  arttinir. 


650 
350 
120 


1300 
775 
300 


II 


OSOO 

'.aao 
-■200 


7100 
4900 


SSM 

35M 

1850 


SlalMja     U'  to  si<lr> 


51 


46 


36        31 


M 


Max.  cp.  aettins 
Ave.  cp.  for  all  t 
Mia.  cp.  act  ting 


1610 
810 
500 


1970 
1200 
600 


300oll05(>0  liTcKi  IK(i'>4i  u.:>-.i<  I  (r.-.ii  iiiyx.    A4S0    5900 


2480'  4X 
1800  lo 


210  3520 
rSOO  IBOt 


l'»ilM>  Mt(»\  I  MiiMi  I  i.\  II 


Aucl«  above  burtjuatal 
AuiH«>>  left  auil  riictit 


0* 

0* 


0* 
2* 


4* 


0* 
8* 


0* 
12* 


3* 

0* 


3* 
4* 


SiatMjQ  Numbrr 


Max.  cp.  aettiof 
A  » r.  rp.  fur  all  1. 
Mm.  cp.  aettiux 


62 


64 


65 


4Sso|  35001  seoe 

14M 
215 


2300  2550 


1100 
290 
150 


265 

1 


1600 
9M 

330 


69 


71 


73 


1150 
64S 

210 


rtii   Mai   tf\ 

120   ISO   IIS 


*lu|rbl  frutn  balf  mtuti  fur  <iue  ub»rr>>-r. 


502      TRANSACTIONS  I.  E.   S.        VOL.  XVI,  NO.  8,  NOV.  20,  I92I 


TABLE  12 


Outlying  Parkway 
Wet — Snow 

Speed — 25  miles  per  hour 
Observers — 2 
(1  wet,  1  snow) 


24-Foot  Dark  Tarvia  Pavement 
No  Street  Lighting 

Determinations — 2 


POINTS  AT  ROAD  LEVEL 


Distance  ahead  of  car .  .  . 
Angle  below  horizontal. 

25' 

7° 

29' 
6° 

35' 

5° 

44' 

4° 

60' 
3° 

88' 

2° 

115' 
1.5° 

140' 
1.25° 

175' 
1° 

250' 
0.7° 

440' 
0.4° 

Station  (32.2'  to  side) 

30 

25 

20 

15 

10 

5 

320 

50 

175 

400 

50 

280 

450 

60 

365 

520 
135 
620 

700 

330 

1470 

1900 

520 

2210 

Station  (18.8'  to  side) 

44 

39 

34 

29 

24 

19 

14 

9 

4 

150 
25 
80 

250 

35 

100 

420 

50 

250 

500 

70 

450 

750 

250 

1030 

800 

300 

1880 

1300 

570 

2100 

2600 

650 

2710 

4200 

1100 

2920 

Station  (12.8'  to  side) 

48 

43 

38 

33 

28 

23 

18 

13 

8 

3 

100 

20 
70 

200 

30 

110 

400 

40 

220 

600 

70 

610 

1400 

290 

1530 

1150 

700 

2620 

3500 

820 

3680 

4000 

970 

4090 

5100 
1470 
3700 

6100 

1150 

3500 

Station  (6.2'  to  side) 

47 

42 

37 

Q 

F 

P 

17 

12 

7 

2 

185 

45 

350 

580 
120 

775 

2300 

295 

1430 

6200 
1150 
2850 

7700 
2500 
4560 

9000 

2900 
5230 

9300 
2700 
6720 

10000 
2260 
5880 

8100 
1750 
4900 

6900 

1130 

3580 

Station  (0'  to  side) 

51 

46 

41 

36 

31 

26 

21 

M 

B 

6 

1 

Cp.  for  wet  surface 

Cp.  for  snow-covered .  .  . 
*Ave.  cp.  for  dry. 

600 
330 
810 

1400 

570 

1200 

2800 
1410 
2480 

6500 
3250 
4870 

12500 
7600 
9670 

16000 
13900 
10360 

15500  14000 
8500  6000 
8790  7810 

12000 
3020 
6750 

10000 
1900 
5210 

7700 
1300 
3520 

POINTS  ABC 

)VE  ROAD 

LEVEL 

Angle  above  horizontal. 
Angles  left  and  right.  .  . 

0° 
0° 

0° 

2° 

0" 

4° 

0° 
8° 

0° 

12° 

1° 

0° 

1° 

4° 

1° 
8° 

3° 

0° 

3° 

4° 

Station  Number 

A 

62 

E 

64 

65 

c 

D 

69 

71 

73 

Cj).  for  wet  surface 

Cp.  for  snow-covorcd  .  .  . 
*Avc.  cp.  for  dry. 

4500 

910 

2300 

3000 

720 

2550 

1300 

4110 

1480 

450 
175 
290 

300 

55 

180 

1100 
530 
980 

600 
390 
645 

300 
125 

270 

250 
165 
360 

200 
185 
260 

*Froin  Tublo  10. 


ROAD  ILLUMINATION   PROM   AUTOMOBILE  HEADLAMPS        503 
TABL>:  13 


OutlvitiK  Parkwav 

Dry  ' 

S|>crd — 40  tiiilr«  |kt  liotir 

(  )!>»«•  r»  rrs —  1 


2l-F(Htt  Dark  Tar>ia  Pavrment 
Nu  Slrrrt  l-iKhtiiiK 


I>rteriniuationM  — 2 
IS U NTS  AT  ROAD  LEVEL 


Aucl<^  briu«    liurLuuiLal 

25' 

29' 
6* 

IS' 
5* 

44' 
4* 

3* 

W 

2* 

115' 
1^* 

14^ 
IJZ5' 

175'     250-     4W 
1*       0.7*     0.4* 

Staliua  (iij:'  to  aiUe) 

SO 

2S 

20 

IS 

10 

5 

1            1            1            1            1            1            1 
C-lK  fur  iik»rT\rr  , 

300 

1            ' 
880    3100  13000 

Sutioo  (la.r  to  side) 

44 

39 

U 

29 

24 

19 

14 

9           4 

1 

380 

1100 

2000 

8650  10200  ISOOO 

StatiuQ  il2^'  tusidri 

48 

43 

38 

33 

28 

23 

18 

n        u        s 

1 

400    1610 

5200 

9300 

1         1 

9050  IS400  l'*IOO 

1 

1            i 

Statiuu  ^6^  to  skie; 

47 

42 

37 

Q 

F 

P 

17 

12    j      7          2 

C-ii,  Tar  ohst^ve* 

320 

810    2150    MOO 

9850 

11000 

14000 

13100'  9800  11400 

Sutioo  ( (y  Ui  KMif; 

51 

46 

41        36 

31 

26 

21 

M 

B           6          I 

Cp  fuf  utisn-vrT 

720 

1650 

!        1 

2800     1030    8630    6910 

9000 

9650  10400  U  000  113<J0 

1            1 

11 

J  INT 

^  M'.OVK  RUAI)  LKVF 

:i 

Ancle  itbuve  borUootitl . 
AnstM  Mt  umI  ri«ht    . 

0* 
0* 

2* 

0*        0* 
4*        8* 

0* 
12* 

0* 

I* 

4* 

1* 
8* 

3-        »• 

0*       4» 

Slatkio  Nuaib<-r 

A 

<j2 

I.         ol        0:         C 

D 

69 

,.  ;  .  1 

Cp.  fur  olan-ver    .  . 

11700 

1J200 

13800    196o|     330    8IO0' 

IIOOO 

930 

ItoO    2t)00 

504      TRANSACTIONS  I.  E.   S.        VOL.  XVI,  NO.  8,  NOV.  20,   I92I 

TABLE  14 


City  Thoroughfare 

Dry 

Speed — 25  miles  per  hour 

Observers — 4* 


50-Foot  Dark  Asphalt 
Fair  Street  Lighting 

Determinations — 4 


POINTS  AT  ROAD  LEVEL 


Distance  ahead  of  car .  .  . 
Angle  below  horizontal. 


25' 

7° 


29' 
6° 


44' 

4° 


60' 
3° 


115' 
1.5° 


140' 
1.25' 


175' 
1° 


250' 
0.7° 


440' 
0.4° 


Station  (32.2'  to  side) 


25 


Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


340 

145 

25 


600 

230 

50 


600 

250 

50 


620 

325 

90 


980 
580 
250 


3200 

1450 

400 


Station  (18.8'  to  side) 


39 


34 


29         24 


19 


14 


Max.  cp.  setting . 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


400 

150 

10 


500 

190 

15 


1000 

335 

25 


1400 

465 

46 


1250 
625 
200 


1200 
760 
230 


1700 

1000 

375 


3600 

1710 

450 


4400 

2210 

700 


Station  (12.8'  to  side) 


43         38         33         28 


23 


18         13 


Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


250 
92 
10 


500 

185 

15 


1300 

430 

25 


1600 

560 

46 


2240 

1020 

187 


2750 

1540 

450 


4700 

2260 

600 


5600 

2550 

620 


5700 

3010 

850 


4850 

2530 

800 


Station  (6.2'  to  side) 


47         42 


17         12 


Max,  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


2280 

625 

30 


3990 

1190 

73 


5920 

1910 

195 


5300 
2510 

745 


8400 
4210 
1580 


11800 
5410 
1650 


11100 
5620 
1700 


9000 
5210 
1430 


7600 
3940 
1150 


4500 

2260 

850 


Station  (0'  to  side) 


46 


41   36 


31 


26  I  21 


M 


Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 


2260 

770 

95 


4410 

1510 

360 


7360 

2770 

910 


8750 
4240 
2110 


9700 
6670 
2810 


13000 
8520 
3060 


10500  13000 
70501  6960 
29001  2920 


10000 
5580 
1820 


7200 
4120 
1100 


4400 

2500 

800 


POINTS  ABOVE  ROAD 

LEVEL 

Angle  above  horizontal . 
Angles  left  and  right .... 

0°         0° 

0°        2° 

0° 

4° 

0° 
8° 

0° 
12° 

1° 
0° 

1° 

4° 

1° 
8° 

I- 

3° 

4° 

Station  Number 

A 

62 

E 

64 

65 

C 

D 

69 

71 

73 

Max.  cp.  setting 

Ave.  cp.  for  all  observers 
Min.  cp.  setting 

2700 

1489 

570 

3400 
1543 

450 

2000 
911 
310 

483 

277 
112 

370 

167 

37 

1150 

640 
460 

800 
420 
23.5 

324 

186 

81 

400 
229 
100 

280 

185 

90 

*Light  from  half  moon  for  one  observer. 
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I  \IU.K  15 


1.  (Unintry  Ilifshwaytt — From    Tiihlf    1.    14-Fix>l    Hed    HrkJi    ]*uv«'ii»«-iit. 
.N<»  Strfi't  l.i^'litiiif.'. 

2.  Suhurltaii  lliyh\»ayH  — From    Table    6.   2-1-Foot   Red   Brick  Pavement, 
P«K)r  StriH'l  Lijilitiii^;. 

3.  Suburtniii    lliftliMa> — From  Table  8,   30-Foot    Hetl    Hrkk    Pavement, 
Po*)r  Street  Lightiiij;. 

4.  Country   Hoa<i  —  From   Tal»le     10,     16-Foot    ('ruidied    Stone    Surface, 

No  Street  l.i^'htiii);. 

5.  Outlying  Park vkuy — From  Table  11,  21-Foot  Dark  Tarvia  Pavement, 

No  Strt'ct  l.i;.'titing. 

6.  City  TboriMifibfure — From  Table  14,  50-Foot  Dark  Asphalt  Pavement, 

Fair  Street  Li{,'btint:. 
Dry 
Speed — 25  miles  |mt  lioiir 

IHH.NTS  AT  RdAD  I.KVKL 


id  of  cur . 
liiirizoiiUit 


I  29'  !  :vy 


n 

4° 


00' 
.i" 


a»' 


14«' 
1.23' 


.'iO'  I  440' 
t.T*  I  0.4* 


Ici  si-l.-) 


I     2»    )     1: 


lU 


A..  ..  ,■. 
Ave.  cp. 
Ave.  cp. 
Ave.  cp. 
A>  e.  cp. 
Ave.cp. 


.1  No.  1  . 


fur  ruad  No.  2  . 
for  road  No.  3  . 
fi>r  riKid  No.  4 
f..rr..:.d  N...  .-. 
f..rr(M.I  Ni..  (. 


HO 

213 

230 

363 

710     1660 

174 

262 

304 

366 

542     1 397 

130 

200 

230 

340 

710     1610 

70 

92 

130 

382 

873    2330 

175 

280 

363 

620 

1470    2210 

143 

230 

230 

323 

380     1 430 

Station  1  18.H'  to  iside) 


I    41    1    39    I    34    I    29    I    24    I     19 


Ave.  cp. 
Ave.  cp, 
Ave.  cp, 
Ave,  cp. 
Ave.  cp, 
Ave.  cp. 


for  road  No.  1  . 
for  road  No.  2  . 
for  road  No.  3. 
for  roud  No.  4 
for  road  No.  5  . 
r<r  road  No.  6 


45 
76 
SO 
37 
80 
130 


60 

101 

70 

60 

100 

190 


100 
170 
140 
82 
250 
335 


250 
346 
250 
170 

450 
4ft5 


580 
528 
510 
395 
1030 
623 


830 
637 
820 
1030 
1880 
760 


1 
1  . 

:;ii"i 
looo; 


2310 

L'-.27 

■30 

Ji30 

.920 

2210 


Station  .12.8'  to  side)       1             1     48    1 

43    1 

38    1 

33    > 

28    1    23         l:! 

n        8        3 

40 
69 
40 
40 
70 
92 

60 
106 
70 
37 
110 
183 

103 
174 
133 
95 

220 
430 

265 
327 
235 
192 
610 
5<w» 

815|    1'. 
8041   1.. 

79"     !■ 
1(1 

i: 

KC ... 

'9(i|   2840 

>M<i   3444 

■■     '.t30 

;<i30 

-.00 

■  ■.  . .  .■     .■.,.•   _:.30 

Ave.  cp.  for  road  No.  2  . 

Ave.  cp.  for  road  No.  4  . 
Ave.  cp.  for  road  No.  5  . 
Ave.  cp.  for  road  No.  6 

Station  it>.2'  totiidel 

47 

42    1 

37    1 

<.?     1 

K          !>     ,     17 

1     12    1       7     1      2 

Ave.  cp. 
Ave.  cp. 
Ave.  cp. 
Ave.  cp. 
Ave.  cp. 
.\ve.  cp. 


for  road  No.  1 
for  road  No.  2 
for  road  No.  3 
for  road  No.  4 
for  road  No.  3 
f..rr..ad  N.i.  (, 


213 

395 

9t.ii 

;i.'n       ll;i.      .-,l.,n 

.'..11      '            4     I      :" 

285 

487 

9' 

190 

315 

7*' 

137 

262 

9«' 

350 

773 

143U 

;;;;jO|  4^00,  oj.wt 

<< 

625 

1190 

1910 

25lol   4210!   5110 

:,■ 

:ui90 

:!82 

80 

■30 

'.80 

..'60 


Station    0'  to  sii]<- ' 

31 

46 

1 

Ave.  cp.  for  road  No,  1 

700 

1701 

'>60 

Ave.  cp.  fi>r  road  N<i.  2 

919 

171'. 

M66 

Ave.  cp.  fi*  r>->ad  No.  3 

630 

1311 

''00 

Ave,  cp.  for  roud  No.  4 

90(1 

183' 

'>00 

Ave.  cp.  for  road  No.  .1 

810 

1201 

•  20 

Ave.  cp.  for  road  No.  '> 

77<l 

1310   ::::u 

tjiu    (.t,:u    ;.; 

_ii-    7;i;.u-    (>Vt>ti. 

3:.;w, 

-112U    2300 

I-OIM^  AHONK  HOAn  I.KVKL 


An;.-!.-  ..I..,*,-  l„,n/.  i,l,.l 
Anvl'-- !•  f  I  .HI.)  n,.-l.i 


« -     ,     1  ' 
12*   I     0* 


8* 


3^ 
0* 


Station  Number 

K     1 

64 

63     1 

C     1 

1)     1 

09 

71 

73    1 

Ave.  cp.  for  road  No.  1 

10731 

380 

1701 

930i 

Mi', 

26^S 

270 

j-^s. 

Ave.  cp.  for  road  No.  2 

'"  "^' 

326 

121 

,..,... 

..r  .. 

Ave.  cp.  for  road  No.  3 

1 

333 

J." 

Ave.  cp.  for  road  No.  4 

360 

1  .- 

Ave.  cp.  few  road  No.  3 

_  

_.'"• 

1  tn», 

290 

I8u 

V.ir 

r«  1.. 

•  ,i. 

_,,,, 

Ave.  cp.  for  road  No.  fi 

14891 

13131 

9l|i 

277 

167 

6401 

420 

I8« 

229 

183 

506      TRANSACTIONS  I.  E.   S.        VOL.  XVI,  NO.  8,  NOV.  20,   I92I 


TABLE  16 


Country  Highways     • 

Dry 

Speed* — 25  and  40  miles  per  hour 

Observers — 8 

(7  at  25  mph.,  6  at  40  mph.) 


14-Foot  Red  Brick  Pavement 
No  Street  Lighting 

Determinations — 30 

(19  at  25  mph.,  11  at  40  mph.) 


POINTS  AT  ROAD  LEVEL 


Distance  ahead  of  car.  .  . 
Angle  below  horizontal. 

25' 

7° 

29' 
6° 

35' 
5° 

44' 
4," 

60' 
3° 

88' 
2° 

115' 
1.5° 

140' 
1.25° 

175' 
1° 

250' 
0.7° 

440 
0.4' 

Station  (32.2'  to  side) 

30 

25 

20 

15 

10 

5 

.014 

.016 

.013 
.018 

.011 
.022 

.011 
.030 

.009 

.044 

Station  (18.8'  to  side) 

44 

39 

34 

29 

24 

19 

14 

9 

4 

.037 

.031 

.028 

.032 
.047 

.044 
.064 

.042 
.073 

.039 
.156 

.030 
.103 

.012 

.083 

Station  (12.8'  to  side) 

48 

43 

38 

33 

28 

23 

18 

13 

8 

3 

Ave.  f.  c.  for  25  mph .  .  . 

.048 

.049 

.054 

.074 
.106 

.105 
.151 

.121 
.251 

.110 
.283 

.086 
.190 

.048 
.170 

.015 
.140 

Station  (6.2'  to  side) 

47 

42 

37 

Q 

F 

P 

17 

12 

7 

2 

Ave.  f.  0.  for  25  mph .  .  . 

.255 
.332 

.323 
.465 

.496 
.613 

.590 
.847 

.534 
.875 

.390 
.677 

.265 

.577 

.145 
.483 

.062 
.407 

.016 
.216 

Station  (0'  to  side) 

51 

46 

41 

36 

31 

26 

21 

M 

B 

6 

1 

Ave.  f .  c.  for  25  mph .  .  . 
Ave.  f.  c.  for  40  mph .  .  . 

1.12 
1.39 

2.02 
2.28 

2.11 
3.15 

2.56 
3.74 

2.43 
3.28 

1.36 

2.25 

.635 
2.11 

.367 
1.85 

.178 
1.40 

.069 

.777 

.016 
.266 

*Tho    foot-candle   values   apply   for   the  illumination  oa  a  surface  normal   to  the  beam 
and  are  calculated  from  the  candlepower  data  of  Table  5. 


DISCUSSION 

The  Report  of  the  Committee  on  Motor  Vehicle  Lighting 
and  the  papers  by  Messrs.  Magdsick  and  Falge  and  Mr.  Devine 
were  discussed  together.     See  page  518. 
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MOTOR  VEHICLE  HEADLIGHTIXG 
IX  MASSACHUSETTS* 


HV  A.    W.    DEVINE** 


A  Specific  law  regelating  the  use  of  motor  vehicle  headlights 
was  first  made  in  Massachusetts  when  the  Highway  Commission 
adopted  its  much-copied  regulations  on  October  27,  191 5.  These 
regulations  provided  that  wherever  there  was  not  sufficient  light 
on  the  highway  to  make  all  substantial  objects  visible  for  a 
distance  of  at  least  150  ft.,  the  lamps  which  j.  motor  vehicle  was 
required  to  display,  should  throw  sufficient  light  ahead  to  make 
clearly  visible  any  such  object  within  the  specified  distance.  They 
provided  further  that  any  light  thrown  ahead  or  sidewise  should 
be  so  directed  that  no  dazzling  rays  should  at  any  time  be  more 
than  3.5  ft.  above  the  ground  50  ft.  or  more  ahead  of  the  vehicle, 
and  that  such  light  should  be  sufficient  to  show  any  substantial 
object  10  ft.  on  each  side  10  ft.  ahead  of  the  vehicle. 

These  regulations  remained  in  force  until  August  15,  1921. 
Hundreds  of  motorists  were  prosecuted  by  highway  commission 
inspectors  and  police  officers  and  substantial  fines  were  imposed 
in  most  cases  for  violation  of  them.  The  method  used  in  en- 
forcement was  for  a  properly  qualified  officer  to  select  a  point 
on  a  straight,  level,  unlighted  roadway  from  which  approaching 
vehicles  would  be  visible  for  a  distance  of  about  an  eighth  of  a 
mile  in  either  direction.  From  this  point  he  would  measure  off 
50  ft.  in  either  direction  and  would  observe  the  light  from 
approaching  vehicles  from  the  time  they  came  into  view  until 
they  were  within  50  feet  of  him,  in  the  meantime  walking  back 
and  forth  across  the  road  so  as  to  observe  the  approaching  light 
more  carefully.  To  avoid  the  possibility  of  any  mistake,  only 
those  vehicles  were  stopped  which  had  the  most  glaring  lamps. 
If  it  was  apparent  to  the  officer  that  some  attempt  had  been  made 
to  regulate  the  light  properly  by  applying  a  device  or  frosting  the 

•  A  pap«r  presented  at  the  Anuual   Couventioa  of  the    niuminnting    Engineering 
Society.  Rochester,  N.  Y..  September  36-29,  1921. 

••Department  of  Public  Works,  State  of  Massachusetts. 
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glass,  the  motorist  was  allowed  to  proceed  with  a  caution  to 
properly  adjust  the  lamps  on  his  machine.  The  operators  of 
vehicles  on  which  no  attempt  had  been  made  to  regulate  the  light 
were  summoned  into  court  on  a  charge  of  violating  the  regula- 
tions and  in  all  except  a  few  instances  were  fined. 

Often  such  enforcement  was  preceded  by  educational  work. 
On  certain  nights  in  different  parts  of  the  state  motorists  would 
be  invited  to  congregate  at  certain  points  and  have  their  lighting 
equipment  examined  by  some  competent  inspector,  who  pointed 
out  defects  and  faulty  adjustment  and  advised  them  as  to  the 
proper  method  of  correcting  such  defects. 

It  became  apparent  as  time  went  on  that  the  regulations  were 
not  very  effective.  As  a  result  of  the  enforcement  work,  motor 
vehicles  were  equipped  with  all  kinds  of  so-called  glare  eliminating 
devices,  only  a  few  of  which  had  any  real  value.  The  lower 
courts  accepted  the  statement  of  prosecuting  officers  that  the 
lamps  on  the  vehicles  operated  by  the  defendents  were  glaring 
only  if  no  evidence  was  introduced  to  show  that  the  operator  had 
made  an  attempt  to  reduce  the  glare.  If,  however,  the  operator 
had  made  a  reasonable  effort  to  control  the  glaring  rays  from  his 
headlamps,  with  no  matter  what  results,  it  was  exceedingly 
difficult  to  secure  a  conviction  of  violating  the  regulations.  Ac- 
cessory dealers  who  sold  lenses  and  other  devices  were  working 
against  the  interests  of  safe  driving  by  selling  inefficient  devices 
and  erroneously  advising  motorists.  This  was  done  largely 
through  ignorance,  but,  by  leading  the  motorist  to  believe  that  all 
that  was  necessary  to  comply  with  the  law  was  to  install  the 
device  in  question,  it  nullified  whatever  good  results  might  have 
ensued  from  the  attempted  enforcement  of  the  regulations. 

The  Massachusetts  Highway  Commission  was  never  willing 
to  approve  of  headlighting  devices  which  would  comply  with  the 
intent  of  the  law  because  they  maintained  that  it  was  not  a 
question  of  the  device  used,  but  almost  wholly  a  question  of  the 
adjustment.  Furthermore,  there  was  not  sufficient  data  available 
at  that  time  for  the  formulation  of  a  more  effective  law.  While 
it  was  a  well  known  fact  that  headlighting  conditions  were  not 
improving  any  but  were  probably  growing  worse  on  account  of 
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the  larger  number  of  motor  vehicles  on  the  highways,  very  little 
was  done  to  improve  tlie  conditions.  This  was  probably  due 
mostly  to  the  fact  that  there  was  a  general  feeling  that  the  problem 
could  not  be  solved  and  no  hope  of  much  improvement  offered. 

Such  was  the  condition  when  the  state  departments  were 
reorganized  on  December  i,  1919.  The  Highway  Commission 
was  absorbed  by  the  larger  Department  of  Public  Works  under 
the  leadership  of  John  N.  Cole,  the  commissioner.  Under  the 
provisions  of  the  reorganization  law,  he  appointed  a  registrar  of 
motor  vehicles  who  was  to  take  over  all  the  powers  of  the  High- 
way Commission  relative  to  motor  vehicles  and  named  Frank  A. 
Goodwin  to  hold  this  important  office. 

Mr.  Goodwin,  who  is  an  energetic  man  of  great  initiative, 
realized  the  importance  of  having  an  active  bureau  of  statistics 
and  immediately  formed  such  a  bureau  in  order  that  he  might 
have  available  at  short  notice  such  information  as  would  be  help- 
ful in  reducing  the  number  of  accidents  and  saving  lives.  It  be- 
came evident  to  him  almost  immediately  that  something  would 
have  to  be  done  to  correct  the  lighting  situation.  Operators  of 
motor  vehicles  who  were  involved  in  night  accidents  complained 
largely  that  they  were  blinded  by  the  light  from  an  approaching 
vehicle.  Many  persons  walking  by  the  side  of  the  road  or 
stepping  out  into  the  road  from  the  side  were  seriously  injured 
or  killed  at  night  because  the  operators  of  motor  vehicles  failed 
to  see  them. 

At  about  this  time,  the  summer  of  1920,  we  were  fortunate 
in  having  an  illustrated  lecture  on  the  Illuminating  Engineering 
Society's  headlighting  specifications  by  Mr.  W.  F.  Little  at  the 
Massachusetts  Automobile  Club  in  Boston.  Shortly  after  that, 
Mr.  Goodwin  detailed  me  to  make  a  thorough,  practical  study  of 
the  headlighting  problem  and  formulate  regulations  for  the  con- 
trol of  motor  vehicle  headlighting.  In  view  of  what  we  learned 
of  the  enforcement  of  the  motor  vehicle  laws  in  Connecticut, 
where  the  Society's  specifications  have  been  adopted,  it  was 
decided  that  we  would  attempt  to  work  out  specifications  along 
somewhat  similar  lines. 

Through  the  kindness  of  C.  X.  Chamberlin  and  C.  A.  B.  Hal- 
vorson,  Jr.,  of  the  General  Electric  Company  at  Lynn,  Mass.  a 
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dark  room  over  60  ft.  long  and  certain  necessary  instruments 
were  placed  at  my  disposal.  Here  I  determined  the  light  dis- 
tribution characteristics  of  some  30  devices.  A  pair  of  accurate 
paraboloidal  reflectors,  of  iH  in.  focal  length  was  mounted 
similarly  to  the  lamps  of  a  car  60  ft.  from  a  screen.  Using  lamps 
of  21  measured  mean  spherical  candlepower,  intensities  of  the 
combined  beam  of  the  two  lamps  were  measured  all  over  the 
illuminated  field.  This  was  done  to  obtain  results  comparable 
with  those  existing  in  actual  practise.  The  lenses  tested  were 
of  9  in.  and  9^  in.  sizes. 

Having  completed  this  work  a  car  was  equipped  with  the 
lamps  used  in  the  laboratory  tests.  These  lamps  were  mounted 
on  universal  brackets  so  that  aiming  adjustments  could  be  easily 
made,  and  another  pair  of  lamps  was  mounted  beside  them  for 
purposes  of  comparison.  Outdoor  night  tests  under  all  kinds  of 
driving  conditions  were  made  over  a  period  of  several  months, 
using  those  devices  which  were  tested  in  the  laboratory  and  others 
which  were  not  available  at  the  time  of  making  the  laboratory 
tests.  These  devices  represented  all  types  except  diffusion 
devices,  which  had  already  been  ruled  out  of  use  in  several  states 
which  used  the  Society's  specifications.  They  included  types  of 
devices  which  varied  from  those  which  simply  deflected  the  light 
downward  without  spreading  it  to  those  which  spread  the  light 
through  an  angle  of  about  90.° 

As  a  result  of  these  tests  and  the  experience  of  our  investigat- 
ing department,  it  was  determined  that  a  minimum  spread  of 
beam  sufficient  to  cover  a  12  ft.  roadway  would  be  required  for 
the  safety  of  the  users  of  the  highways.  It  was  also  determined 
that  the  Society's  specifications  glare  limits  were  reasonable,  and 
no  attempt  was  made  to  modify  them.  These  limits  are:  2,400 
cp.  maximum  at  a  point  100  ft.  ahead  of  the  car,  5  ft.  above  the 
ground,  and  800  cp.  maximum  at  a  point  7  ft.  to  the  left  of  that 
point. 

The  next  step  was  to  determine  what  intensities  should  be 
required  in  different  parts  of  the  beam.  The  Society's  specifica- 
tions for  road  performance  required  a  normal  illumination  of 
0.12  foot-candles  at  the  A  or  B  and  E  or  F  points.  This  value 
was  found  to  be  a  low  minimum  in  actual  road  test,  particularly 
so  in  the  case  of  a  number  of  devices  with  which,  because  of  the 
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fact  that  they  projected  a  beam  of  rapidly  varj'ing  intensities 
from  one  point  to  a  nearby  point,  it  was  found  almost  impossible 
to  see  an  object  illuminated  to  a  corresponding  brightness.  In 
view  of  the  fact  that  the  Headlighting  Committee  had  established 
such  a  low  and  unusually  fair  minimum,  we  felt  that  it  would 
not  be  acceptable  in  making  laboratory  tests.  My  road  tests  and 
lalK)ratory  tests  compared  showed  that  under  fair  conditions  of 
actual  use  the  depreciation  in  lighting  equijjment  would  cause  a 
reduction  in  illumination  of  about  fifty  per  cent.  This  was  due 
to  a  decrease  in  the  reflection  coefticients  of  the  reflectors,  a 
of  the  lamp  bulbs.  For  this  reason  we  decided  that  as  far  as  the 
laboratory  tests  were  concerned  we  would  double  the  require- 
ments of  the  Society's  specifications  for  road  performance  and 
call  for  an  illumination  of  0.25  foot-candles  at  such  points  as  we 
decided  to  make  tests.  This  is  in  line  with  the  Headlighting 
Committee's  proposals  to  the  Standards  Committee  of  the  S.  A.  E. 
as  published,  in  the  I.  E.  S.  Transactions  for  1920  on  page  850. 

Having  decided  on  the  basis  upon  which  our  specifications 
for  laboratory  test  were  to  be  drawn,  it  was  a  relatively  simple 
matter  to  select  the  test  points  and  establish  the  required  intensi- 
ties at  those  points.  In  practise  headlamps  are  ordinarily 
mounted  at  a  height  varying  from  34  to  38  in.  above  the  ground, 
but  for  purposes  of  laboratory-  test,  the  lamps  were  assumed  to  be 
at  a  height  of  42  in.  above  the  ground.  This  assumption  resultc 
in  greater  freedom  from  glare  in  practise,  but  if  not  corrected  for 
in  computing  the  required  minimum  intensities  in  the  beam,  would 
mean  that  those  devices  which  complied  with  the  specifications 
would  not  necessarily  have  sufficient  spread  to  cover  a  12  ft. 
roadway  as  desired.  For  this  reason,  those  minimum  laboratory 
test  points  were  selected  which,  with  the  centers  of  the  lamps  at 
an  assumed  height  of  42  in.,  would  indicate  the  parts  of  the  beam 
decrease  in  the  impressed  voltage  on  the  lamps  and  deterioration 
which  strike  the  edges  of  a  15  ft.  flat  roadway,  or,  under  average 
actual  conditions,  would  indicate  the  parts  of  the  beam  which 
strike  the  edges  of  a  12  ft.  roadway.  Our  P  and  Q  points  are 
those  points  in  the  beam  which  strike  the  edges  of  a  12  ft.  roadway 
115  ft.  and  57  ft.  respectively  ahead  of  the  car  when  the  lamps 
are  36  in.  above  the  ground.  The  M  point  is  the  test  point  at 
which  is  measured  the  intensity  directly  ahead  of  the  car  1.25 
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degrees  below  the  horizontal.  This  point  is  0.25  degree  lower  than 
the  Society's  B  point.  While  we  would  have  preferred,  if  possible, 
to  retain  the  B  point,  the  corresponding  candlepower  requirement 
(10,000)  would  have  caused  several  satisfactory  devices  to  fail 
to  comply  with  the  specifications.  Furthermore,  it  might  result 
in  the  design  of  devices  with  too  sharp  a  cut-off  or  which  ap- 
proached the  glare  limits  at  C  and  D  too  closely,  resulting  in  ex- 
cessive glare  when  the  molds  in  which  the  lenses  are  made  had 
worn  slightly.  Neither  did  we  feel  that  illumination  up  to  a 
distance  of  200  ft.  ahead  was  necessary  for  safe  driving  at  a 
reasonable  speed.  Our  new  regulations  were  drawn  to  call  for 
illumination  up  to  a  distance  of  160  ft.,  an  increase  of  10  ft.  over 
the  old  regulations.  The  wording  of  the  specifications  for 
laboratory  test  was  taken  from  the  Society's  specifications  with  a 
few  changes.  A  copy  of  part  of  these  specifications  is  contained 
in  Appendix  A. 

Considerable  thought  was  given  to  the  method  of  enforce- 
ment to  be  employed  before  formulating  regulations.  One 
method  was  to  adopt  that  used  in  Connecticut,  where,  under  the 
able  direction  of  Alden  L.  McMurtry,  more  has  been  accom- 
plished along  this  line,  I  believe,  than  in  any  other  state.  To  do 
so  would  have  meant  that,  having  decided  on  a  more  rigid  set  of 
specifications  for  laboratory  test,  we  would  have  to  adopt  a 
different  set  of  specifications  for  road  performance.  Mr.  Mc- 
Murtry kindly  placed  all  of  the  information  which  he  had  gained 
at  our  disposal  and  his  experience  and  advice  were  of  very  great 
help  to  us.  H.  H.  Magdsick  also  rendered  invaluable  aid  by 
supplying  us  with  accurate  information  from  his  practical  knowl- 
edge of  the  subject.  We  believed  that  the  use  of  a  portable 
photometer  in  testing  the  road  performance  of  lighting  equipment 
was  not  entirely  practical,  and  it  was  finally  decided  that  the  use 
of  double  specifications  was  undesirable.  To  secure  compliance 
with  the  law,  it  would  be  necessary  to  educate  the  public  to  make 
proper  adjustments  under  any  system,  and  adding  the  use  of  a 
photometer  only  complicated  the  problem. 

The  alternative  method  then  suggested  itself,  that  enforce- 
ment could  be  had  on  the  basis  of  condition  and  adjustment  of 
equipment.  A  bill  had  been  introduced  in  the  legislature,  and  on 
May  26th,  1921,  it  became  law,  requiring  that  "No  headlamp  shall 
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be  used  upon  any  motor  vehicle  (operated  during  the  period  from 
one-half  hour  after  sunset  to  one-half  hour  before  sunrise)  unless 
such  lamp  is  equipped  with  a  lens  or  other  device,  approved  by 
the  registrar,  designed  to  jirevent  glaring  rays."  Regulations 
were  drawn  up  requiring  that  headlamps  be  used  on  insufticiently 
lighted  .ways,  that  every  approved  device  be  applied  and  adjusted 
as  required  by  the  registrar's  approval,  that  light  sources  of  21  cp. 
only  be  used  and  that  any  reflectors  used  as  a  part  of  such  head- 
lamps should  have  highly  polished  silvered  or  glass  reflecting 
surfaces.  These  regulations  which  went  into  eflFect  on  August 
15,  192 1,  are  given  in  full  in  Appendix  B. 

One  of  the  new  requirements  is  that  the  light  source  used  in 
any  headlamp  must  be  of  21  cp., — no  more  and  no  less.  Other 
states  have  limited  the  maximum  candlepower  which  could  be 
used  and  we  felt  that  it  was  necessary'  to  set  a  minimum  candle- 
power  as  well,  in  order  that  the  motorist  might  not  be  troubled 
so  much  by  insufficient  illumination  and  also  in  order  that  poor 
visibility  due  to  the  contrast  in  the  illuminated  fields  ahead  of  two 
approaching  vehicles  might  be  reduced.  By  making  these  limits 
the  same  and  standardizing  on  one  size  of  light  source,  this  con- 
trast is  reduced  to  a  minimum,  not  to  mention  the  beneficial  results 
which  accrue  from  the  elimination  of  the  many  sizes  of  electric 
bulbs  which  dealers  have  heretofore  stocked.  It  might  be  argued 
that  it  is  practically  impossible,  even  under  the  most  favorable 
conditions,  to  maintain  an  electric  bulb  at  21  cp.  The  answer  to 
this  is  that  in  interpreting  laws  their  intent,  which  cannot  always 
be  exactly  stated,  must  be  taken  into  consideration.  In  this  case 
I  should  consider  that  if  a  bulb  of  21  rated  candlepower  were 
used,  a  reasonable  variation  in  candlepower  above  or  below  this 
figure  would  not  be  a  violation  of  the  regulations.  In  addition  to 
the  requirement  of  the  regulations  that  only  21  cp.  light  sources 
be  used,  all  approvals  of  electric  headlamp  devices  which  have 
so  far  been  issued  require  the  use  of  a  type  C  (gas  filled)  bulb. 
This  requirement  is  made  not  only  to  further  standardize  on 
equipment,  but  also  on  account  of  the  higher  efficiency  and  slower 
depreciation  of  the  type  C  bulb.  The  new  law  in  Massachusetts 
calls,  then,  for  the  use  of  an  approved  device,  21  cp.  type  C  bulb 
(in  electrical  equipment),  highly  polished  reflectors  and  proper 
adjustment  of  the  device.     In  enforcement,  the  first  three  con- 
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ditions  of  equipment  are  easily  checked  up  and  the  fourth  is  a 
simple  matter  if  a  proper  testing  stand  is  arranged  at  points  where 
violators  of  the  law  are  to  be  stopped.  The  specifications  for 
test  were  submitted,  after  being  completed,  to  Prof.  Wm.  J. 
Drisko  of  the  Massachusetts  Institute  of  Technology  and,  except 
for  several  minor  recommendations,  were  approved  by  him  and 
recommended  for  use.  Forty-three  applications  for  approval  of 
electric  headlighting  devices  were  received  and  tested  up  to  Aug. 
15,  1921.  Of  these  twenty-six  devices  were  approved  for  use; 
of  the  devices  which  were  not  approved  fourteen  failed  to  comply 
with  the  limiting  test  intensities  and  three  devices  were  refused 
approval  although  they  complied  with  the  limiting  intensities. 
Two  of  the  devices  which  were  refused  approval  were  deemed  to 
be  unsafe  for  use  on  account  of  unduly  dark  and  bright  areas 
within  the  area  outlined  by  the  specified  points  and  one  was  re- 
fused approval  because  of  unduly  difficult  and  complicated  ad- 
justment. 

The  results  of  the  tests  of  devices  for  approval  clearly  shows 
that  the  requirements  are  much  more  severe  in  Massachusetts 
than  in  states  which  have  adopted  the  Society's  specifications. 
Our  experience  has  already  proven,  however,  that  it  is  practically 
impossible  to  specify  reasonable  limiting  test  intensities  which  can 
not  be  complied  with  by  inferior  devices.  I  believe  that  those 
states  which  adopt  test  specifications  for  approval  of  devices 
should  not  lose  sight  of  the  value  of  a  section  in  such  specifications 
reserving  to  them  the  right  to  refuse  approval  of  any  device 
which,  although  it  conforms  to  the  specified  limiting  intensities, 
is  liable  to  prove  unsafe  because  it  does  not  comply  with  the  intent 
of  the  specifications  or  unsatisfactory  because  it  has  an  unduly 
complicated  adjustment.  Such  a  section  is  included  in  the 
Society's  specifications  and  was  copied  in  the  Massachusetts 
specifications.  Its  importance  is  shown  by  the  fact  that,  in 
spite  of  our  more  severe  specifications,  the  registrar  exercised 
the  right  reserved  therein  in  the  case  of  three  of  the  devices  which 
complied  with  the  limiting  intensities. 

The  attempt  to  solve  the  headlighting  problem  in  Mass- 
achusetts was  not  made  without  full  realization  of  the  difficulties 
which  must  be  overcome.  To  secure  good  results  the  interest  of 
the  motorist  must  be  with  us.     We  cannot  obtain  his  interest  by 
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approving  for  his  use  devices  which  will  cause  him  any  dis- 
satisfaction when  properly  adjusted.  This  was  one  reason  for 
our  more  severe  specitications. 

Education  of  the  motorist  to  the  necessity  of  making  proper 
adjustment  of  his  headlamps  and  keeping  his  lighting  e^iuipment 
in  good  order  is  of  prime  importance.  A  novel  method  of 
educating  the  public  is  being  used.  A  circular  disc  of  heavy 
paper,  perforated  with  two  0.25-in.  holes,  spaced  4  in.  apart  and 
equally  distant  from  the  center  on  the  same  diameter,  is  being 
issued.  On  this  disc  is  printed  the  requirements  of  the  law,  the 
approved  list,  and  focusing  and  aiming  instructions.  The  disc  is 
used  for  focusing  the  lamps  by  holding  it  in  front  of  the  lamp 
being  focused  without  the  device  in  place.  Two  filament  images 
are  projected  on  a  vertical  surface  25  ft.  from  the  lamp,  one 
image  from  the  top  part  and  one  from  the  bottom  of  the  re- 
flector. The  relative  position  of  these  images,  one  to  the  other, 
determines  the  focal  adjustment.  This  focusing  disc  has  met 
with  great  popularity,  so  much  so  that  some  ditficulty  has  been 
experienced  in  supplying  the  demand. 

Another  important  consideration  is  that  for  persons  who 
have  not  the  inclination  or  ability  to  adjust  their  own  lamps,  some 
place  should  be  available  where  they  can  go  to  have  the  lamps 
adjusted.  For  this  purpose  complete  printed  instructions  are 
being  issued  and  competent  persons  who  have  the  proper  facilities 
are  being  approved  of.  Eleven  trained  inspectors  from  the 
Registry  of  Motor  Vehicles  are  travelling  throughout  the  state 
instructing  and  examining  mechanics  and  others  who  seek  official 
certification  of  their  competency. 

It  is  the  intention  of  our  department  to  finish  the  work  which 
has  been  started,  without  sparing  either  expense  or  eflfort,  and 
we  believe  that  the  results  will  mean  a  big  improvement  in  auto- 
mobile headlighting. 

APPENDIX     A 
(From  Mass.   Specifications— Test   No.   i.) 
Tests. 
The  lamps  shall  be  adjusted  to  give  their  rated  candlepower 
at  rated  efficiency.     Measurements  shall  be  made  at  the  following 
points  at  the  surface  of  the  screen : 
12 
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Massachussetts  Specifications  Test  Point  I,ocations. 

C.  In  the  median  vertical  plane  parallel  to  the  lamp  axes, 
one  degree  of  arc  above  the  level  of  the  lamps. 

D.  Four  degrees  of  arc  to  the  left  of  this  plane  and  one 
degree  of  arc  above  the  level  of  the  lamps, 

M.  In  the  median  vertical  plane  parallel  to  the  lamp  axes, 
one  and  one-quarter  degrees  of  arc  below  the  level  of  the  lamps. 

PL.  Three  degrees  of  arc  to  the  left  of  this  plane  and  one 
and  one-half  degrees  of  arc  below  the  level  of  the  lamps. 

PR.  Three  degrees  of  arc  to  the  right  of  this  plane  and  one 
and  one-half  degrees  of  arc  below  the  level  of  the  lamps. 

QL.  Six  degrees  of  arc  to  the  left  of  this  plane  and  three 
degrees  of  arc  below  the  level  of  the  lamps. 

QR.  Six  degrees  of  arc  to  the  right  of  this  plane  and  three 
degrees  of  arc  below  the  level  of  the  lamps. 

In  an  acceptable  device  both  pairs  of  samples  shall  conform 
to  the  following  specifications  for  the  observed  apparent  candle- 
power  : 

Point  C.     The  apparent  candlepower  shall  not  exceed  2,400. 

Point  D.     The  apparent  candlepower  shall  not  exceed  800. 

Point  M.  The  apparent  candlepower  shall  not  be  less 
than  6,400. 

Points  PL  and  PR.  At  each  of  these  points  and  at  every 
point  on  a  line  between  them  the  apparent  candlepower  shall  not 
less  than  4,400. 
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Points  QL  and  QR.  At  each  of  these  points  and  at  every 
point  on  a  hue  between  them  the  apparent  candlqwwer  shall  not 
be  less  than  1,000. 

APPENDIX    B 

COMMONWEALTH  OF  MASSACHUSETTS 
DEPARTMENT  OF  PUBLIC  WORKS 

Registry  of  Motor  Vehicles. 

RULES  AND  REGULATIONS  CONCERNING 
HEADLAMPS  ON  MOTOR  VEHICLES. 

Acting  in  pursuance  of  the  authority  conferred  by  section 
thirty-one  of  chapter  ninety  of  the  General  Laws  the  rules  and 
regulations  relative  to  lights  on  motor  vehicles  made  by  the  Mass- 
achusetts Highway  Commission,  under  corresponding  provisions 
of  earlier  laws,  are  hereby  rescinded,  and  the  following  are  de- 
clared adopted  in  lieu  thereof;  the  same  to  be  effective  August 
15.  1921: 

Section  i.— If  and  when,  during  the  period  when  motor 
vehicles  are  required  to  display  lights  by  section  seven  of  chapter 
ninety  of  the  General  Laws,  and  amendments  thereof,  there  is 
not  sufficient  light  within  the  traveled  portion  of  the  highway 
to  make  clearly  visible  all  vehicles,  persons  or  substantial  objects 
within  a  distance  of  at  least  one  hundred  and  sixty  feet,  no  auto- 
mobile shall  be  operated  unless  it  is  equipped  with  two  lighted 
headlamps  of  approximately  equal  candlepower  which  shall 
throw  sufficient  light  ahead  to  make  clearly  visible  all  vehicles, 
persons  or  substantial  objects  upon  the  roadway  within  a  distance 
of  one  hundred  and  sixty  feet;  and  no  motorcycle  shall  be 
operated  unless  it  is  equipped  with  one  headlamp  which  shall 
throw  sufficient  light  ahead  to  make  clearly  visible  all  vehicles, 
persons  or  substantial  objects  upon  the  roadway  within  a  distance 
of  one  hundred  and  fifteen  feet. 

Section  2.— Every  lens  or  other  device  designed  to  prevent 
glaring  rays,  the  use  of  which  on  motor  vehicles  has  been  ap- 
proved by  the  registrar,  as  provided  in  said  section  seven,  shall 
be  applied  and  adjusted  in  accordance  with  the  requirements  of 
the  certificate  approving  the  use  thereof.     Even.-  lamp  bulb  or 
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light  used  in  any  headlamp  on  a  motor  vehicle  shall  be  of  twenty- 
one  mean  spherical  candlepower.  Every  reflector  which  is  used 
as  a  part  of  such  headlamp  shall  have  a  highly  polished  silvered 
or  glass  reflecting  surface  and  shall  be  free  from  dents,  rust  and 
other  imperfections. 

Section  3. — The  operator  of  every  motor  vehicle  shall  permit 
any  police  officer  or  motor  vehicle  investigator  and  examiner  to 
inspect  the  headlighting  equipment  of  such  motor  vehicle  and  to 
make  such  tests  as  may  be  necessary  to  determine  whether  the 
provisions  of  section  two  are  being  complied  with. 

DISCUSSION 

The  Report  of  the  Committee  on  Motor  Vehicle  Lighting 
and  the  papers  by  Messrs.  Magdsick  and  Falge  and  Mr.  Devine 
were  discussed  together, 

J.  A.  HoEvEEEr:  The  subject  of  enforcement  of  motor 
vehicle  headlight  laws  is  one,  I  think,  of  prime  importance.  We 
now  have  satisfactory  laws  in  quite  a  few  states,  and  a  large 
percentage  of  the  cars  are  now  operating  under  them,  but  I  am 
not  so  sure  if  in  any  of  the  states  the  enforcement  is  adequate 
to  secure  compliance  with  the  law.  We  therefore  should  next 
turn  our  attention  to  making  these  laws  effective  by  helping  the 
enforcement. 

Now,  at  first  I  had  the  idea  that  police  officers  might  be 
induced  to  use  foot-candle  meters  and  a  number  of  police  de- 
partments in  Wisconsin  bought  them,  but  police  officers  are  afraid 
of  the  proposition;  they  have  the  idea  that  the  motorist  will  be 
suspicious  of  what  is  being  done. 

Therefore,  I  think  testing  stations  must  be  provided;  test- 
ing stations  in  which  a  car  can  be  driven  and  the  motorist  him- 
self can  see  that  he  is  violating  the  law  or  complying  with  it,  as 
the  case  may  be.  In  Milwaukee,  a  testing  station  has  been 
operating  on  this  principle  for  kbout  a  month  and  a  half. 

The  test  station  is  arranged  in  this  way:  There  are  three 
sets  of  guide  rails  in  one  end  of  the  station  into  which  three 
cars  may  be  backed;  one  hundred  feet  ahead  is  placed  a  test 
board,  which  is  movable  on  a  track,  and  can  be  placed  in  front 
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of  each  of  the  three  cars  successively.  On  this  test  board  arc 
located  four  bull's-eyes,  corresjKDnding  to  the  various  test  positions 
specified  in  the  W^isconsin  law.  They  are  translucent,  and  they 
are  supplied  with  illumination  from  chambers  at  the  rear  of  the 
board.  The  illumination  is  of  such  brightness  as  to  equal  the 
brightness  that  the  law  specifics  at  that  particular  point.  The 
two  upper  bull's  eyes  represent  the  glare  points,  and  the  two 
lower  ones  the  road-lighting  points.  The  ui)per  ones  are  marked, 
"Light,  Light,"  with  large  letters,  and  the  two  lower  ones  are 
marked,  "Dark,  Dark."  The  motorist  turns  on  his  lights,  speeds 
his  engine  to  get  maximum  candlepower,  and  with  one  glance 
both  he  and  the  officer  in  charge  can  tell  whether  or  not  the 
headlamps  are  in  compliance  with  the  law. 

If  the  two  lower  bull's-eyes  are  dark,  relative  to  their  back- 
ground, that  is  an  indication  that  the  motorist  is  supplying  more 
than  the  minimum  required  road-light.  If  the  two  upper  bull's- 
eyes  remain  light,  it  is  an  indication  that  he  is  not  violating  the 
glare  rules. 

This  station  is  operated  by  two  police  officers;  one  is  sta- 
tioned at  the  guide  rails  where  he  can  properly  spot  the  cars, 
and  the  other  at  the  board,  to  shift  same  as  needed.  The  one  who 
spots  the  cars  also  takes  care  of  the  records.  The  man  who  shifts 
the  board  watches  the  voltmeter  and  keeps  lamp  voltage  at  the 
board  at  proper  value  by  means  of  a  rheostat.  The  test  station 
was  installed  by  the  Bureau  of  Illumination  Service  of  which 
Howard  F.  Ilgner  is  illuminating  engineer.  Milwaukee  was  able 
to  put  this  station  into  operation  because  it  had  an  illuminating  de- 
partment, but  most  cities  are  not  so  fortunately  situated. 

While  the  police  department  operates  the  test  station,  the 
Bureau  of  Illumination  Service  supervises  it  and  keeps  it  operat- 
ing properly  and  keeps  the  board  properly  checked  up.  The 
station  is  now  operated  in  an  old  garage  and  will  be  closed  for 
the  winter,  but  a  good  showing  has  been  made,  and  it  is  be- 
lieved that  a  permanent  station  can  be  secured. 

The  motor  vehicle  officers  send  the  motorists  in.  They  give 
them  a  card  when  they  stop  them  on  the  street,  commanding 
them  to  appear  at  the  test  station  within  three  days.  The 
motorist  thereupon  brings  his  car  in,  his  headlights  are  tested,  and 
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if  he  is  found  wrong,  he  is  handed  a  pamphlet  and  told  to  fix 
up  his  headhghts  himself,  or  visit  one  of  half  a  dozen  or  more 
approved  service  stations.  These  service  stations  secure  their 
official  approval  by  demonstrating  their  fitness  by  sending  in  to 
the  test  stations  half  a  dozen  cars  properly  equipped.  Also  the 
results  of  their  work  are  checked  by  the  department  when  the 
motorist  comes  back,  after  having  visited  a  service  station,  for  a 
final  check;  if  the  service  station  has  not  done  its  job  well  it 
appears  when  the  test  is  made. 

This  is  the  best  testing  scheme  with  which  I  have  had  ex- 
perience, for  getting  compliance  with  the  headlighting  laws,  but 
in  Wisconsin  it  has  been  tried  in  only  one  city.  Whether  or  not 
we  can  get  stations  in  our  other  cities  is  problematical.  The 
difficulty  lies  in  the  fact  that  cities  do  not  have  illuminating 
engineers  in  their  employ  and  there  is  no  standard  test  boards 
available.  Each  town  would  have  to  build  its  own  board,  and 
would  require  the  services  of  an  illuminating  engineer. 

Enforcement  is  so  vital  to  the  success  of  the  headlight  laws 
that  I  think  the  Committee  should  now  turn  its  attention  to  it. 
Some  standardized  testing  method  universally  employed  has  the 
same  merit  as  a  standard  law  for  all  states,  I  think  it  is  in- 
cumbent on  the  Committee  to  help  the  states  to  find  the  best  en- 
forcement method  and  when  it  is  found  energetically  to  urge 
its  adoption  wherever  the  I,  E.  S,  specifications  are  in  effect. 

F,  C.  CaIvDwEli,:  The  automobile  headlight  situation  in 
Ohio  at  present  is  in  an  acute  state.  We  look  upon  Massachu- 
setts as  a  pioneer  and  hope  that  some  day  that  Ohio  may  be  able 
to  do  the  same ;  probably,  however,  the  conditions  in  Ohio  cor- 
respond more  closely  to  those  in  most  other  states, 

Ohio  has  a  law  which  went  into  effect  in  August,  It  was 
a  peculiar  situation ;  a  self  appointed  committee  was  working  on  a 
law,  and  hoped  to  have  it  presented  to  the  legislature.  Before 
the  contemplated  law  was  dropped  however,  it  was  found  that 
there  was  a  law  already  introduced.  It  did  not  seem  well  to 
complicate  matters  by  introducing  another,  so,  although  the 
measure  before  the  Senate  was  not  altogether  satisfactory,  its 
passage  was  encouraged.  Curiously  enough,  the  origin  of  this 
law  seems  to  be  something  of  a  mystery. 
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The  C^hio  law  calls  for  the  use  of  approved  devices  which 
will  give  road  distribution  with  adequate  driving  light  at  two 
hundred  feet  and  avoidance  of  dazzling  rays.  It  provides  for 
the  testing  and  approval  of  devices  by  the  director  of  highways 
of  the  state.  It  provides  that  not  more  than  thirty-two  candle- 
power  shall  be  used  in  the  lamps.  It  also  provides  a,  penalty,  but 
has  no  provision  for  enforcement  other  than  the  ordinary  police 
power  of  the  state.  This  is  where  the  law  is  weak  as  compared 
with  the  laws  of  Massachusetts  and  Connecticut,  but  it  corre- 
sponds to  the  conditions  in  many  other  states. 

The  Director  of  Highways  is  a  civil  engineer  who  has  a 
big  program  of  road  improvement  on  his  hands,  and  he  did  not 
know  anything  of  this  headlight  law  till  it  was  on  the  statute 
books.  He  naturally  is  not  greatly  interested  in  it.  He  was 
persuaded  that  the  only  way  in  which  the  law  could  be  properly 
executed  was  by  having  a  committee  draw  up  regulations  to  in- 
terpret the  more  or  less  indefinite  law.  At  his  request,  a  group 
of  five  citizens,  none  of  them  commercially  interested,  was  gath- 
ered together  and  the  I.  E.  S.  regulations,  with  slight  modifica- 
tions, were  adopted.  The  only  notable  changes  are  that  the 
tests  are  made  with  21-candlepower  tungsten  lamps  only,  and 
also  that  the  "number  two"  test  calls  for  the  use  of  two  head- 
lights with  21-candlepower  lamps. 

The  testing  of  the  headlights  was  assigned  to  the  Engineering 
Experiment  Station  of  the  Ohio  State  University.  The  present 
status  of  the  matter  is  that  there  are  comparatively  few  cars  on 
the  road  in  which  there  is  not  some  special  headlighting  equip- 
ment. In  many  cases,  it  is  the  home-made  device,  and  of  course, 
many  are  Fords.  There  are  quite  conflicting  reports  as  to  the 
present  condition.  Mr.  Magdsick  has  told  me  of  a  drive  between 
Cleveland  and  Sandusky  during  which  he  passed  five  thousand 
cars;  his  observation  led  him  to  believe  that  the  conditions  are 
a  great  deal  better  than  they  used  to  be.  On  the  other  hand,  one 
hears  some  contrary  reports  from  less  careful  observers.  The 
problem  before  us  is  to  get  the  people  to  understand  that  they 
must  adjust  the  devices  on  the  cars,  and  we  are  convinced  that, 
as  has  been  said  by  the  previous  speaker,  this  can  only  be  done 
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through  testing  stations.  There  are  no  state  funds  in  Ohio,  avail- 
able for  any  kind  of  effort  along  this  line.  The  matter  was  left  by 
the  legislature  in  the  hands  of  the  police. 

Fortunately,  however,  certain  commercial  interests  are  tak- 
ing this  matter  up  along  broad  lines,  and  are  meeting  with  con- 
siderable success.  They  are  trying  to  educate  the  people  as  to 
the  need  for  proper  headlighting  without  emphasizing  any  par- 
ticular device.  This  is  notably  so  in  Cincinnati  and  Cleveland, 
where  the  automobile  clubs  have  been  persuaded  to  co-operate 
with  the  police  and  to  arrange  for  certified  testing  and  adjusting 
stations  in  a  large  number  of  garages.  In  Cleveland,  one  of  the 
companies  has  set  up  an  equipment  on  a  side  street  and  has 
arranged  with  the  police  to  send  automobiles  onto  this  street, 
giving  an  opportunity  to  show  drivers  what  good  distribution  is 
and  how  badly  their  headlights  match  up  with  it. 

There  are  one  or  two  points  with  regard  to  the  I.  E.  S. 
regulations  brought  out  by  our  experience,  that  I  would  like  to 
mention.  In  the  first  place,  with  regard  to  the  tilting  headlight, — 
as  was  indicated  in  Mr.  Magdsick's  paper,  there  is  a  demand  for 
more  light  in  the  case  of  rapid  driving  than  the  I.  E.  S.  specifica- 
tions provide  for.  Our  law  has  been  interpreted  up  to  this  time, 
as  providing  that  if  a  device  meets  the  specified  distribution  in 
any  definite  position,  it  complies  with  the  law.  It  has  also  been 
required,  in  order  that  a  device  shall  be  approved,  that  it  shall 
have  only  two  operating  positions,  and  that  these  shall  be  definite. 
Thus  a  tilting  headlight  may  be  approved  for  the  down  position 
regardless  of  what  it  does  in  the  up  position.  It  is  then  neces- 
sary for  the  driver  to  take  his  chances  if  he  uses  it  in  the  up 
position,  just  as  he  would  if  he  drove  his  car  at  fifty  miles  an 
hour.    If  he  gets  into  trouble,  he  has  only  himself  to  blame. 

The  importance  of  one  of  the  points  mentioned  by  Mr.  De- 
vine  should  be  emphasized;  namely  the  great  difference  between 
laboratory  and  road  tests,  I  believe  the  I.  E.  S.  specifications  should 
recognize  this  difference  and  that  there  should  be  a  factor  of 
considerable  magnitude  to  account  for  the  loss  of  candlepower 
due  to  conditions  inevitable  on  a  car.  Another  point  has  to  do 
with  the  prevention  of  glare  at  the  right  side.  We  felt  that  con- 
sideration for  the  eyes  of  the  pedestrian  coming  along  the  walk 
on  the  right  side  of  the  road  requires  that  he  should  not  have  more 
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than  eight  hundred  candlepower  in  his  eyes,  and  I  beUeve  that 
the  specifications  should  be  modified  to  provide  for  this.  I  agree 
with  Mr.  Devine  that  it  would  be  desirable  to  have  striations 
more  definitely  mentioned  in  the  specifications.  This  point  is 
also  brought  out  in  the  paper  of  Messrs.  Magdsick  and  Falge. 

D.  A.  FeiglKY  :  I  think  we  all  should  interest  ourselves 
more  with  what  happens  to  the  average  motorist  after  he  receives 
the  Society's  recommendation.  I  believe  the  Society  and  the 
people  who  are  following  the  Society's  recommendations  receive 
a  lot  of  unfavorable  comment  because  of  some  things  which  we 
are  unable  to  explain  clearly  so  that  the  average  individual  knows 
what  we  are  talking  about.  That  is  the  trouble  we  find  in  the 
lens  business  through  any  of  the  states  that  have  accepted  the 
I.  E.  S.  specifications. 

I  would  like  to  refer  to  an  article  from  an  Ohio  paper  headed 
"May  Ask  Lens  Law  Repeal."  It  states  that  there  is  consider- 
able confusion  and  conditions  are  no  better  than  before,  and, 
therefore,  asks  why  such  a  law  should  be  on  the  statute  books. 
Certain  interests  are  accused  of  having  the  law  passed.  We  all 
know  that  the  law  is  good,  but  as  to  how  it  can  be  applied  for  the 
public,  should  be  our  next  concern. 

Mr.  Devine,  in  Massachusetts,  brought  out  and  distributed  in 
all  sections  of  his  territory  a  device  which  has  helped  the  situa- 
tion. In  the  first  place,  there  were  five  points  hammered  at  the 
public  until  they  began  to  know  that  buying  a  device  didn't  mean 
very  much  but  what  they  did  with  that  device  after  they  bought 
it  was  of  greater  importance.  The  card  which  Mr.  Devine  issued 
had  very  clear  instructions. 

There  was  a  paper  submitted  to  the  Society  by  Professor 
Grondahl,  Director  of  Research  in  the  Union  Switch  and  Signal 
Company, (Transactions  Aug.  30th,  1921,)  which  describes  a 
device  similar  to  Mr.  Devine's  card,  but  provides  a  combination 
of  focusing  card  and  lens  which  obviates  the  necessity  of  re- 
moving the  headlight  lens  to  prove  whether  or  not  the  device  is 
properly  focused. 

I  believe  that  ultimately  something  of  this  sort  must  be 
used  with  all  lenses  if  we  take  into  consideration  that  the  manu- 
facturer's instructions  on  lenses  to-day  do  not  apply  in  eighty 
per  cent  of  the  cases.     I  say  eighty — I  am  guessing — but  I  be- 
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lieve  you  can  form  your  own  opinion  as  lo  the  percentage.  For 
the  devices  that  take  a  number  one  focus,  the  individual  is  in- 
structed to  bring  the  spot  to  the  smallest  cross  section  possible 
without  the  device  on.  But  most  of  the  lenses,  (Fords,  for  in- 
stance), are  adjustable  from  the  back  by  means  of  a  screw  and  the 
reflector  is  held  there  by  a  spring,  which  means  that  as  soon  as 
you  put  the  device  on  the  car  your  reflector  is  sprung  out  of  posi- 
tion and  the  result  is  that  your  lamp  is  immediately  out  of  focus. 
I  think  that  something  that  should  be  taken  care  of  in  future 
laws  is  to  have  the  manufacturer  put  out  instructions  which  really 
can  be  followed  and  get  some  results.  I  believe  the  adding  of 
such  a  device  as  Prof.  Grondahl  explains  in  his  paper,  will  help 
the  situation  because  with  it  the  focus  can  be  proved  after  the 
device  is  put  on  the  lamp. 

Louis  Bell:  Mr.  President  and  Gentlemen,  I  have  been 
tremendously  interested  in  this  discussion  and  there  are  one  or 
two  high  spots  in  it  I  would  like  to  mention.  One  is  the  very 
interesting  work  done  by  Mr.  Magdsick,  especially  with  respect 
to  the  great  difference  in  light  required  at  various  car  speeds. 
It  looks  very  much  as  though  at  the  high  car  speeds  there  has 
to  be  a  compromise  between  the  speed  fiend  and  the  law,  with 
the  weight  of  evidence  on  the  side  of  the  law,  because  at  forty 
or  fifty  miles  an  hour  the  light  required  above  the  line  dangerous 
to  both  driver  and  pedes! rian  becomes  excessively  great.  We 
must  not  forget  the  pedestrian.  We  can't  expect  the  pedestrian 
to  carry  a  red  tail-light  as  the  British  Tommies  used  to  in  march- 
ing in  column  formation  just  before  the  war. 

It  is  necessary  for  success  that  we  have  good  headlights, 
well-made  headlamps;  that  they  should  have  proper  focusing 
adjustments  and  that  the  lamps,  the  bulbs  themselves,  should  be 
somewhere  near  uniform,  and  that  the  makers  adhere  to  one  size 
and  shape.  Any  change  in  the  length  of  the  filament,  the  shape 
of  the  filament,  or  the  position  of  the  filament  has  profound  effect 
on  focusing.  These  things  have  an  effect  on  the  distribution  of 
the  light  produced  by  a  given  parabloid,  and  have  a  very  great 
effect  on  the  spread  of  the  light.  There  should  be  an  agreement 
on  this  point. 
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As  regards  the  point  raised  by  the  last  speaker  it  is  certainly 
true  some  headlamps  are  very  hard  to  adjust,  of  course ;  as  a  mat- 
ter of  fact,  the  two-hole  device  that  Mr.  Devine  shows  allows 
a  good  many  of  the  prismatic  reflecting  devices  to  focus  through 
the  lens  without  any  special  facilities,  but  anyhow  it  is  desirable 
to  have  a  headlamp  so  arranged  that  it  can  be  focussed  readily. 

I  think  we  must  come  down  to  a  standardization  of  bulbs, 
to  a  standardization  of  the  dimensions  and  focus  of  reflectors  as 
far  as  possible  and  particularly  to  furnishing  adjustments  which 
can  be  readily  adjusted  in  focussing  the  lamps. 

Dr.  G.  S.  Crampton  :  I  just  want  to  say  a  word  I  didn't 
get  a  chance  to  say  last  night  when  we  were  occupied  with  the 
subject  of  cold  light.  I  would  like  to  pose  as  a  pioneer  in  the 
use  of  cold  light  in  automobile  headlight  work. 

During  my  service  abroad  I  was  inspecting  one  of  my  field 
hospitals  in  the  Argonne  Forest  the  night  before  our  big  barrage. 
The  outfit  was  in  a  partially  underground  structure  as  near  the 
front  as  we  dared  to  place  a  field  hospital  and  the  one  road 
leading  to  the  rear  was  jammed  that  night  with  every  sort  of 
mobile  war  material  imaginable,  not  to  mention  troops  who  were 
threading  their  way  forward  among  the  caterpillar  gun  mounts 
and  other  things  en  wheels. 

The  road  which  was  overshadowed  by  trees  was  extremely 
dark,  and  as  I  had  occasion  to  inspect  another  hospital  to  our 
rear  I  was  at  a  loss  to  know  how  I  was  going  to  buck  the  on- 
coming stream.  Of  course  as  usual  all  lights  were  taboo.  How- 
ever, by  a  piece  of  rare  good  luck  just  as  I  was  starting  for  my 
Dodge  I  kicked  into  a  mass  of  chips  lying  about  the  base  of  an 
old  stump.  They  loomed  up  like  coals  of  fire  so  taking  the 
hint  I  filled  my  lamps  with  them  and  with  a  few  large  pieces 
in  my  hand  I  walked  ahead  about  twenty  feet  and  guided  my 
chauffeur  through  the  thickest  of  the  traffic. 

E.  Y.  Davidson  :  I  think  Mr.  Devine  is  to  be  complimented 
for  his  work  in  Massachusetts.  Being  somewhat  familiar  with 
the  lighting  legislation  movements  in  several  states,  I  know  it 
takes  a  lot  of  nerve  and  pluck  to  put  through  a  campaign  of  the 
nature  Mr.  Devine  has  undertaken. 
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Professor  Caldwell  has  told  you  something  about  the  Ohio 
situation.  I  have  been  working  in  that  state  for  the  last  ten 
weeks  endeavoring  to  teach  motorists  at  large,  police,  jobbers  and 
dealers  how  sixty-two  approved  devices  in  that  state  should  be 
focused  and  aimed.  Work  has  already  been  done  in  Cleveland, 
Cincinnati,  Toledo,  Akron,  Ashtabula,  Youngstown  and  Warren. 
In  almost  all  these  towns  the  work  has  been  received  enthusiast- 
ically and  headlight  focusing  stations  have  resulted. 

In  Cincinnati  garage  owners  wishing  to  establish  a  focusing 
station  have  been  instructed  by  two  engineers  working  through 
the  Automobile  Club.  These  warranted  focusing  stations  are 
empowered  by  the  Chief  of  Police  to  issue  certificates  showing 
when  the  adjustment  was  made,  the  name  of  the  owner  of  the 
car,  the  make  and  model  of  the  car,  the  name  of  the  approved 
device,  the  name  of  the  focusing  agent  and  the  candlepower  of 
the  lamp  used. 

In  Toledo  the  city  has  established  an  official  headlight 
focusing  station.  At  this  station  every  motorist  in  town  is  ex- 
pected to  report.  If  after  he  has  reported  it  is  believed  by  the 
officer  of  the  Police  Department  that  his  lenses  are  focused  cor- 
rectly, he  is  issued  a  certificate  to  that  effect  which  he  is  to 
carry  and  exhibit  upon  demand  by  a  traffic  officer.  If  his  lamps 
are  not  in  adjustment  he  is  given  a  blank  form  and  told  that  he 
must  have  his  equipment  properly  adjusted  by  a  competent  agent 
officially  recognized,  and  report  back  to  the  first  mentioned  station 
within  ten  days.  If  he  reports  within  that  time  and  it  is  found 
that  his  equipment  is  satisfactorily  focused  he  is  issued  an  ap- 
proved certificate.  If  the  work  by  the  focusing  agent  has  not 
been  satisfactorily  performed  he  is  sent  back.  If  the  motorist 
does  not  return  to  the  official  focusing  station  within  ten  days 
the  Police  Department  goes  after  him  and  brings  him  back  at 
some  time  not  of  his  own  chosing. 

One  word  about  the  difficulty  in  undertaking  such  work — 
In  many  towns  rhe  officials  fight  shy  of  our  offer  to  help  them 
with  their  problem  because  they  cannot  believe  we  are  willing 
to  undertake  the  work  from  an  educational  standpoint  only,  in- 
troducing no  advertising  or  sales  propoganda.  In  Cincinnati  the 
most  stubborn  opposition  was  encountered  until  a  clipping  from 
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the  Washing:ton  Star  was  shown  which  stated  that  the  Bureau  of 
Standards  had  made  public  a  statement  that  every  up-to-date 
town  of  any  size  or  consequence  must  in  the  future  incorporate 
in  its  municipal  equipment  means  by  which  automobile  head- 
Wghts  can  be  focused  and  adjusted.  This  was  published  under 
the  direction  of  Mr.  E.  C.  Crittenden.  The  minute  the  authori- 
ties saw  this  article  they  began  to  realize  that  other  people  were 
thinking  and  talking  about  the  same  things  we  were.  They 
mimeographed  it,  published  it  broadcast,  and  gave  us  every  op- 
portunity to  carry  on  the  work  we  had  originally  planned. 

I  think  the  Committee  on  Motor  Vehicle  Lighting  is  to  be 
congratulated   on   the   way   in   which   they   have   handled   their 
problems.    They  have  had  their  hand  upon  the  pulse  of  the  motor- 
driving  public  and  have  gone  just  as  fast  in  their  stiffening  of  the 
requirements  as  automobile  owners   would  allow.     They  have 
not  excited  adverse  criticism  which  would  tend  to  stifle  the  good 
w^ork  they  have  yet  to  do.     I  think,  however,  that  they,  in  the 
future,    should    recommend    the    adoption    of    21-candlepower 
lamps  in  the  certification  of  approved  devices  in  several  states, 
and   the  elimination  of  the  maximuum   and  minimum   candle- 
power  permitted  in  the  approved   devices.     Such   candlepower 
ratings  are  interpreted  by  the  laymen  to  be  the  measure  of  the 
excellence  of  a  given  device.     We  know  that  this  is  not  as  it  is 
intended,  and  that  it  merely  shows  to  some  degree  the  perfor- 
mance of  the  device  in  its  relation  to  the  maximum  allowable 
candlepower  at  the  glare  point  "D."     I  believe  also  that  in  the 
future  it  would  be  well  to  consider  the  establishment  of  a  mini- 
mum   candlepower    requirement    for   points    on    a    line   passing 
through  C  and  D.     We  realize  that  a  perfectly  sharp  cut-off  is 
undesirable.    If  no  light  were  given  above  the  horizontal,  a  buggy- 
on  the  right  hand  side  of  the  road  would  look  to  the  moderatdy 
fast  driving  motorist  as  though  it  were  two  sticks  widely  sepa- 
rated, because  he  would  only  see  the  end-on  view  of  the  two  rear 
wheels.     Boughs  and  obstructions  from  above  could  arch  over 
the  roadway  without  being  observed.    It  seems  to  me  that  if  more 
than  400  candles  or  less  than  800  candles  were  required  at  the 
glare  point,  we  would  take  a  forward  step. 
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F.  H.  Ford :  I  wish  to  express  my  appreciation  of  Mr. 
Magdsick's  paper.  It  is  of  particular  interest  and  value  since  so 
far  as  I  know  there  has  been  no  published  data  in  regard  to  the 
light  distribution  desired  by  the  average  driver. 

On  the  matter  of  test  stations,  I  agree  with  Mr.  Hoeveler 
and  Prof.  Caldwell  that  the  test  station  seems  to  be  one  of  the 
most  important  factors  in  the  solution  of  the  problem  of  securing 
compliance  with  headlight  regulations;  at  least  so  far  as  the 
larger  cities  are  concerned. 

However,  at  least  in  the  central  and  middle  western  states 
by  far  the  largest  percentage  of  cars  will  be  found  in  cities  and 
towns  of  less  than  15,000  population  and  these  towns  cannot 
afford  to  install  or  operate  expensive  test  stations  such  as  the 
one  in  Milwaukee  which  Mr.  Hoeveler  described. 

I  think  that  the  Committee  on  Motor  Vehicle  Lighting  could 
render  a  great  service  to  the  public  if  they  would  figure  out  some 
kind  of  a  simple  test  board,  not  using  the  illuminometer  principle 
as  is  the  case  of  the  Milwaukee  board,  which  could  be  set  up 
in  a  vacant  lot  or  at  the  end  of  a  street  where  drivers  could 
check  their  own  lights. 

It  would  seem  that  it  should  be  practical  to  design  such  a 
board  using  some  such  a  device  as  a  broken  circle  or  groups  of 
parallel  lines  so  proportioned  as  to  be  clearly  distinguishable  under 
one  intensity  of  illumination  but  not  clear  with  a  lower  illumina- 
tion. Of  course  such  a  screen  would  not  be  accurate  but  if  it 
could  be  designed  to  indicate  within  30  per  cent  of  the  actual 
values  of  illumination  it  would  be  good  enough  for  practical 
purposes  in  giving  drivers  who  wish  to  comply  with  the  head- 
light regulations  the  means  of  at  least  trying  to  do  so. 

While  the  Illuminating  Engineering  Society  is  not  directly 
interested  in  the  enforcement  of  headlight  laws  the  invaluable 
work  which  this  Committee  has  done  can  not  accomplish  the  re- 
sult it  merits  unless  the  work  can  be  carried  further  through 
suggesting  some  simple  means  by  which  drivers  can  themselves 
tell  whether  or  not  their  lights  meet  the  specifications  which  the 
committee  has  suggested. 

G.  G.  Cousins:  There  are  two  conditions  that  operate  to 
render  ineffective  the  good  work  in  testing  that  is  being  done. 
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These  are,  that  several  lenses,  approved  as  quite  satisfactory 
optically,  are  soon  twisted  from  their  proper  positions  by  the 
vibration  of  the  cars,  no  means  being  provided  to  maintain  them 
in  a  definite  position,  and  that  many  headlamps  are  too  flimsy 
in  construction  to  hold  the  lenses  rigid. 

The  standardization  of  a  few  mechanical  details  would  do 
a  lot  toward  the  elimination  of  this  evil,  and  the  influence  of  this 
Society  might  assist  in  the  accomplishment  of  the  necessary 
standardization. 

L.  C.  PoRTEK :  I  would  like  to  say  a  word  in  appreciation 
of  Mr.  Magdsick's  paper.  I  have  had  the  privilege  of  riding  two 
or  three  times  in  that  car  and  the  investigation  is  certainly  most 
interesting.  Mr,  Magdsick  pointed  out  that  for  higher  speeds 
I.  €.,  above  forty  miles  per  hour,  the  average  person  wanted 
higher  intensity.  In  some  of  the  work  we  have  carried  on,  we 
have  found  in  city  driving  a  fairly  wide  beam  was  desirable, 
but  when  we  get  out  into  the  country  and  drive  at  higher  speeds, 
light  on  the  side  of  the  road  has  proven  objectionable  to  some. 

So  far,  all  the  regulation  and  control  of  headlighting  devices 
has  been  put  up  to  the  car  owner.  I  believe  the  Ford  Motor 
Company  has  recently  made  a  move  which  seems  to  me  good,  and 
which  could  to  advantage  be  followed  by  other  car  manufac- 
turers. I  don't  know  whether  this  is  general  or  not,  but  in  the 
State  of  New  Jersey  the  Ford  agents  are  required  to  have  painted 
on  their  garages  or  wherever  they  sell  their  cars,  a  white  rec- 
tangle about  three  feet  wide  and  two  feet  high,  at  a  distance  of 
twenty-five  feet  ahead  of  the  car,  and  every  new  car  is  required 
to  have  the  headlights  adjusted  so  that  the  rays  come  within  that 
space  before  it  is  sold.  It  seems  to  me  that  is  a  good  thing,  and 
if  other  car  manufacturers  were  compelled  to  have  their  agents 
see  that  some  such  adjustment  be  made  on  every  new  car  sold, 
it  would  help  the  situation  a  good  deal. 

There  is  one  point  which  Mr.  Devine  did  not  mention  in 
connection  with  work  in  Massachusetts  which  I  think  is  interest- 
ing. He  is  attempting  to  control  the  beam  more  or  less  by  con- 
trolling the  size  of  the  light  source,  and  I  understand  that  he 
contemplates  limiting  the  voltage  of  the  incandescent  lamp  which 
will  be  passed  to  maximum  of  twelve  to  sixteen  on  the  theory 
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that  lamp  filaments  of  higher  voltages  than  that  are   so  much 
longer  that  the  beam  cannot  be  controlled. 

I  thnik  it  would  be  interesting  if  Mr.  Magdsick  would  ex- 
plain that  for  us. 

C.  H.  Sharp:  The  discussion  of  this  subject  has  proceeded 
very  largely  along  lines  with  which  the  Committee  and  the 
Society  haven't  very  much  to  do.  We  are  an  illuminating 
engineering  society.  We  are  not  a  society  of  automobile  manu- 
facturers, headlight  manufacturers  or  lamp  manufacturers  or 
state  officials.  We  are  trying  to  do  things  solely  from  an  illumin- 
ating engineering  point  of  view. 

Now,  all  these  other  things  go  along  with  it,  and  we  are  all 
very  glad  to  see  these  evidences  of  keen  appreciation  of  the 
necessity  for  enforcement  of  these  regulations,  and  to  learn  the 
means  that  are  being  taken  to  insure  such  enforcement,  and  I 
am  sure  we  are  all  gratified  to  see  the  seriousness  with  which  the 
question  is  being  considered. 

Someone  said  something  about  the  Committee  being  able  to 
reject  a  device.  Of  course  we  cannot  accept  or  reject  an}1;hing. 
We  have  written  illumination  specifications  and  that  is  as  far  as 
we  can  go.  It  is  true  that  some  devices  which  are  mechanical 
or  optical  monstrosities  pass  the  illumination  specifications.  That 
does  not  mean  that  they  ought  to  be  accepted.  Something  besides 
the  illumination  yielded  in  a  laboratory  test  must  be  considered. 
These  are  cases  where  the  illumination  specifications  alone  are  in- 
sufficient and  where  the  state  authorities  should  refuse  approval 
even  though  the  illumination  test  is  satisfied.  The  Illuminating 
Engineering  Society,  however,  cannot,  because  of  the  limitations 
of  its  field,  take  cognizance  of  such  cases  except  to  the  extent 
covered  in  Section  V  of  the  Specifications. 

I  want  to  say  a  word  about  Mr.  Magdsick's  report.  Mr. 
Magdsick  is  doing  pioneer  work.  He  is  looking  forward  to 
showing  what  a  headlight  beam  should  be.  It  is  work  along  right 
lines  and  I  hope  that  a  great  deal  will  come  out  of  it,  and  a 
great  deal  which  eventually  this  Committee  can  incorporate  in 
improved  specifications  as  standards  of  desirable  practice,  to  be 
turned  over  to  the  S.  A.  E. 
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Mr.  Devine  is  making  a  very  interesting  experiment  for  us 
in  Massachusetts.  He  has  put  some  different  points  in  his 
specifications.  He  is  obliging  automobihsts  to  spread  the  light 
out  sidewise.  Our  Committee  felt  that  it  was  a  doubtful  ques- 
tion whether  the  State  should  tell  automobilists  what  kind  of  a 
beam  they  ought  to  have,  provided  it  was  a  safe  beam;  and  we 
did  not  venture  as  far  as  Mr.  Devine  has.  Very  likely  Mr.  Devine 
is  right.  At  any  rate  he  is  making  the  experiment  and  the  great 
State  of  Massachusetts  is  the  experimentee,  and  we  hope  a 
great  deal  of  good  will  come  of  it.  The  price  which  is  paid 
for  this  experimentation  is  that  he  has  deviated  from  interstate 
uniformity  and  standardization.  However,  if  we  don't  vary  some 
time  or  other,  we  are  not  going  to  advance,  so  we  are  grateful  to 
Mr.  Devine  for  going  ahead  and  finding  out  what  happens  when 
we  depart  slightly  from  the  straight  I.  E.  S.  specifications. 

H.  H.  Magdsick  :  Most  of  the  observers  expressed  a  posi- 
tive objection  to  a  very  wide  beam  of  light  because  of  the  distrac- 
tion caused  by  the  bright  vertical  surfaces  of  the  weeds  and 
grass  on  either  side  of  the  road.  They  preferred  to  suffer  the 
inconvenience  of  having  rather  insufficient  illumination  at  the 
sides  under  certain  conditions  encountered  less  frequently.  The 
objection  to  the  wider  spread  of  beam  was  raised  particularly 
at  the  higher  speeds,  as  is  made  evident  in  the  test  data.  Some 
observers  would  turn  out  all  light  near  the  car  when  traveling  in 
the  higher  speed  ranges,  so  as  to  improve  visibility  at  greater 
distances;  they  probably  found  no  practical  importance  in  being 
able  to  see  objects  within  20  to  40  feet  of  a  fast  moving  car. 

As  between  a  form  of  beam  with  sharp  cut-off  and  maxi- 
mum intensity  at  the  top  illuminating  the  road  far  ahead  and  to  a 
relatively  uniform  brightness;  and  a  beam  with  a  more  gradual 
intensity  gradient  requiring  that  the  highest  intensity  be  directed 
to  the  road  surface  somewhat  nearer  the  car  but  also  giving  rela- 
tively more  light  above  the  horizontal;  the  observers  almost  in- 
variably chose  the  former.  At  the  same  time  they  recognized  that 
they  were  somewhat  handicapped  with  the  first  form  of  beam  with 
very  little  light  above  the  horizontal.  It  is  of  course  possible  to 
combine  in  a  headlighting  equipment  the  advantageous  features 
of  the  two  forms. 
13 
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A.  W.  DevinE:  I  believe  there  has  been  only  one  question 
raised  about  the  lamp,  and  that  involves  our  method  of  enforce- 
ment. Now^,  our  law  is  drawn  to  get  the  results  by  condition  of 
equipment  and  adjustment,  and  such  being  the  case,  it  is  necessary 
to  define  the  particular  conditions  under  which  each  device  can 
be  used,  and  define  them  completely.  For  instance,  one  condition 
is  the  minimum  size  of  the  front  glass  and  reflector;  another 
condition  is  that  under  which  the  device  shall  be  installed.  A 
third  condition  is  the  size  of  lamp  bulbs  and  that  is  the  condition 
which  Mr.  Porter  asked  particularly  about.  We  didn't  feel,  with- 
out a  special  test  that  we  could  approve  of  any  of  these  devices 
on  account  of  variations  in  the  size  of  the  lamp  filaments  and 
shapes  of  filaments,  except  for  use  with  gas-filled  bulbs  of  no 
more  than  twelve  to  sixteen  volts.  The  eighteen,  twenty-four 
volt  and  larger  bulbs  may  not,  therefore,  be  used  unless  a  special 
test  is  made  on  the  approved  devices.  It  will  be  necessary  then, 
for  anyone  who  has,  for  instance,  a  nine-cell  battery  to  put  in 
nine  volt  bulbs  in  series. 

The  specified  limiting  intensities  of  the  Massachusetts  speci- 
fications and  the  Society  specifications  are  meant  to  define  a 
beam  which  will  give  a  safe  road  illumination  for  driving  at 
moderate  speeds  and  under  normal  conditions  of  visibility. 

Many  devices  which  comply  with  the  limiting  intensities  do 
not  comply  with  the  intent  of  the  specifications  because  of  un- 
duly dark  or  bright  areas  within  the  region  covered  by  the  speci- 
fied points. 

It  seems  to  me  that  the  Committee  on  Motor  Vehicle  Light- 
ing might  well  define  iinder  what  conditions  such  dark  and  bright 
areas  in  the  beam  are  unsafe. 

An  analysis  of  400  serious  accidents  in  Massachusetts  in 
1 92 1  shows  that  about  15  per  cent  of  the  night  accidents  are  due 
to  insufficient  light,  and  about  5  per  cent  are  due  to  dazzling 
lights.  This  clearly  shows  the  necessity  for  securing  a  safe 
driving  light,  and  a  proper  definition  of  an  unsafe  beam  as  men- 
tioned above. 
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INTRODUCTORY 

Before  the  art  of  illumination  had  reached  its  present  day 
importance,  the  illuminating  engineer  might  have  been  compared 
to  a  physician — he  was  called  in  to  prescribe  a  remedy  only  after 
conditions  were  bad  enough  to  cause  discomfort.  A  careful  sur- 
vey of  lighting  installations  in  our  public  buildings  reveals 
many  instances  which  serve  to  illustrate  this  back -handed  method 
of  attacking  the  problem. 

A  thoroughly  satisfactory  building  really  depends  upon  the 
preliminary  planning  of  the  lighting  simultaneously  with  the 
structural  elements,  and  as  public  buildings  in  general  are  elabo- 
rate structures  with  special  lighting  requirements,  the  best  re- 
sults are  obtained  only  when  these  features  are  carefully  con- 
sidered beforehand.  For  example,  adequate  space  should  be 
available  for  lamps  and  reflectors  above  ceiling-windows  where 
such  lighting  is  employed ;  flexible  control  and  a  sufficient  number 
of  circuits  to  take  care  of  future  demands  should  be  provided  for; 
and  convenience  outlets  at  frequent  intervals  to  meet  particular 
conditions  are  all  factors  worthy  of  preliminary  consideration. 

Our  public  buildings  represent  a  considerable  investment 
for  the  education,  protection  and  enjoyment  of  the  people,  and 
in  order  that  the  privileges  tendered  by  these  buildings  may  be 
utilized  and  that  the  interior  may  provide  comfortable  conditions 
for  those  employed  here,  it  is  of  the  utmost  importance  that 
adequate  lighting  be  provided. 

•  A  pap«r  presented  at  the  Annual  Convention    of   the  Uluminating   Engineering 
Society,  Rochester.  N.  V..  September  26-29,  1921. 

••Lighting  Service  Dept.,  Edison  Lamp  Works  of  G.  E.  Co..  Harrison.  N.  J. 
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the:  LIGHTING  OF  ART  GALLERIES 

Proper  lighting  of  the  art  gallery  is  both  an  important  and 
interesting  subject.  The  buildings  themselves  often  represent 
a  large  expenditure  and  are  more  or  less  monumental  in  charac- 
ter and  dignity,  and  consequently  require  artistic  and  harmonious 
lighting.  In  the  second  place  the  priceless  collections  of  paint- 
ings and  sculpture  exhibited  here  must  be  well  lighted  so  that 
the  public  may  view  and  study  them  in  comfort.  And  third,  in 
order  that  the  works  of  art  may  be  presented  so  that  the  de- 
tails will  stand  out  as  the  artist  conceived  them,  there  must  not 
only  be  ample  light,  but  direction  and  color  values  must  be  care- 
fully considered. 

The  logical  arrangement  of  the  paintings  is  to  place  those 
of  a  dark  nature  at  the  top,  for  with  predominant  light  from  above 
the  higher  intensity  will  naturally  be  on  the  paintings  which  re- 
quire it.  We  see  by  reflected  light,  and  when  this  fact  is  con- 
sidered, it  at  once  becomes  apparent  that  by  this  arrangement 
a  more  uniform  and  attractive  gallery  is  the  result. 

The  background,  or  walls,  should  be  of  neutral  tone,  non- 
glossy  in  character  and  of  low  reflecting  power,  so  that  reflec- 
tions from  the  walls  are  eliminated  and  there  is  consequently 
nothing  to  distract  the  attention  from  the  exhibit.  The  neutral 
tone  is  of  special  importance,  as  a  brilliantly  colored  background 
may  reflect  enough  light  to  modify  quite  materially  the  color 
value  of  the  paintings.  For  example,  a  red  background  was 
used  in  the  Tate  Gallery  in  England,  and  its  selective  reflection 
distorted  the  color  of  some  of  the  finest  Turner  paintings. 

Two  general  methods  are  commonly  employed  in  the  illum- 
ination of  galleries — one  where  the  lighting  is  accomplished  from 
the  sides,  and  the  other  where  the  direction  of  light  simulates 
actual  daylight  conditions  and  comes  from  overhead.  What- 
ever system  is  used,  the  intensity  should  be  sufficient  to  illumi- 
nate the  dullest  piece  in  a  collection,  and  care  should  be  exercised 
to  see  that  specular  reflections  from  the  painted  and  glass  sur- 
faces are  minimized.  The  reader  has  often  had  the  experience 
when  viewing  a  collection  of  being  annoyed  by  a  multiplicity 
of  reflections  which  distract  greatly  from  the  interest  of  the 
exhibit. 
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This  condition  is  most  frequently  encountered  where  the 
side  system  is  employed  as  evident  in  Fig.  i.  Mere  the  paint- 
ings are  represented  as  illuminated  by  lamps  in  a  continuous 
trough  rellector,  and  the  light  rays  are  indicated  by  the  broken 
lines.  The  collections  are  usually  viewed  from  the  area  be- 
tween A  and  B,  and  eye  level  is  shown  by  the  dotted  line.  It 
can  readily  be  seen  from  the  sketch  that  any  slight  divergence  of 
the  fixture  from  the  correct  position,  will  cause  the  light  rays  to 
be  reflected  into  the  area  from  which  the  paintings  are  viewed, 
causing  annoying  specular  reflections. 

Both  individual  and  continuous  units  are  employed  for  the 


Fig.   I. — Section  of  a  painting  gallery,  showing  how  an  incorrectly  placed  fixture  may 
result   in   annoying  specular   reflections. 

side  lighting  system.  It  is  evident  that  whatever  type  is  utilized, 
the  principles  outlined  in  the  above  paragraph  should  be  ad- 
hered to  and  careful  design  or  experimentation  is  essential  be- 
fore the  final  installation  is  made.  Even  where  individual  units 
are  employed,  it  is  generally  desirable  to  conceal  these  from  view 
by  a  suitable  screen  or  framework  of  metal  or  other  material. 

Mirrored  glass  oflfers  certain  advantages  in  the  flexibility 
of  control  of  distribution,  but  plain  or  smooth  mirrored  sur- 
faces should  never  be  employed  on  account  of  image  reflections. 
For  temporary  installations,  white  paint  enamel  gives  excellent 
results  from  the  standpoint  of  reflective  properties  and  diflfusion, 
but  for  permanent  installations,  it  is  quite  out  of  the  question,  as 
it  turns  brown  from  the  heat  of  the  lamp,  blisters  and  peels  as 
well  as  accumulating  dust  and  thus  having  its  reflecting  power 
considerably  lowered.  The  exterior  finish  of  the  lighting  equip- 
ment and  supporting  mechanism  should  be  neat  and  harmonious 
with  the  room  decorations. 
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The  number  and  size  of  lamps  to  employ  will  depend  on  the 
character  of  the  exhibit  and  should  be  determined  from  experi- 
ments. For  ordinary  conditions,  from  40  to  60  watts  per  run- 
ning foot  of  wall  will  provide  an  intensity  of  approximately  6 
ft.-c.  on  the  picture.  A  night  view  of  an  art  gallery  with  a  typi- 
cal side  lighting  system  is  given  in  Fig.  2.  A  continuous  trough 
reflector,  with  rippled  glass  strips  so  placed  as  to  give  the  desired 
distribution  of  light,  is  used. 

It  is  certainly  desirable,  when  the  construction  of  the  build- 
ing permits,  to  utilize  an  artificial  sky-window*  as  a  means  of  il- 
luminating paintings,  for  not  only  can  a  better  lighting  effect  be 
obtained,  but  the  appearance  of  the  room  without  fixtures  is 
much  more  attractive  (Fig.  3.)  Here  the  lighting  installation  is 
placed  above  the  ceiling  and  a  uniform  intensity  of  6  ft.-c.  is  ob- 
tained upon  the  walls.  Sixty-watt  tungsten  lamps  in  porcelain 
enameled  reflectors  are  placed  on  3-ft.  centers  and  suspended  18 
in.  above  the  glass  ceiling.  These  lamps  are  supplemented  by 
40- watt  tungsten  lamps,  spaced  14  in.  in  a  trough  reflector,  placed 
at  the  edge  of  the  sky-window  and  directed  to  throw  the  light 
towards  the  walls,  thus  keeping  the  horizontal  and  vertical  com- 
ponents of  the  light  nearer  equal.  The  room  presents  a  very  at- 
tractive appearance  and  the  imiform  illumination  of  the  glass 
in  the  ceiling  is  worthy  of  mention.  The  glass  itself  is  of  such 
a  nature  that  the  lamps  or  overhead  construction  cannot  be  dis- 
cerned from  the  room  below. 

In  a  system  of  this  type,  the  hanging  height  of  the  units 
above  the  ceiling  will  depend  upon  the  wattage  of  the  lamps  used 
and  upon  the  glass  in  the  ceiling.  The  lamps  and  reflectors  should 
be  so  arranged  that  the  glass  presents  a  uniform  appearance  from 
the  room  below,  and  the  glass  itself  should  be  of  such  a  nature 
that  the  lighting  source  cannot  be  discerned.  Some  excellent 
data  on  this  question  have  been  presented  by  Mr.  E.  J.  Edwards 
before  the  Illuminating  Engineering  Society.  (See  the  Appen- 
dix— Bibliography. ) 

One  method  of  installing  a  lighting  system  above  the  ceil- 
ing is  shown  in  Fig.  4.  Here  60-watt  tungsten  lamps  in  por- 
celain enameled  reflectors  are  placed  on  3.5-ft.  centers,  18  in. 
above  the  stippled  glass  window.     The  close  spacing  of  the  steel 

*The  editor  has  substituted  the  term  "sky  window"  for  "sky-light"  which  appeared 
in  the  authors'  manuscript. 


Fig.  2. — A  night  view  of  a  well  known  painting  gallery  illuminated  by  40watt  lamps 
in  a  continuous  rippled  mirrored  glass  reflector.  The  lamps  are  spaced  on  i2-in. 
centers  and  produce  an  intensity  of  6  ft.-c.  on  the  paintings,  without  image 
reflections  in  the  line  of  view.     The  moon  renders  the  over-head  window  luminous. 


Fig-   3- — The   attractiveness   of  this  painting   gallery,   illuminated   from    above   the   sky- 
window,  is  apparent  at  a  glance.     Data  on   the  installation  arc  given   in   the  text. 


Fig.  4. — A  view  showing  the  arrangement  of  reflectors  and  draw  curtains  above  the 
ceiling  of  a  painting  gallery.  Here  60-watt  lamps  are  used  18  in.  above  the 
glass  on  3-ft.  centers. 


%^^     -^ 


Fig.  5. — A  night  view  of  the  foyer  of  a  museum  showing  the  pleasing  effect  obtained 
by  using  diffusing  bowls.  Three  75-watt  lamps  are  used  at  each  outlet  which 
are  on  i6-ft.  centers,  giving  a  uniform  intensity  of  4.5  ft.-c.  throughout  the 
foyer. 
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girders  in  the  structure  necessitates  the  use  of  low-wattage  lamps. 

Where  the  space  between  the  windows  is  not  obstructed  by  the 
steel  girders,  higher-wattage  lamps,  spaced  further  apart  and  at 
a  higher  distance  above  the  glass,  are  advisable.  Angle  units 
so  suspended  as  to  direct  the  light  on  to  the  opposite  wall  are 
preferable  to  reflectors  giving  a  symetric  distribution  of  light 
on  account  of  their  higher  vertical  components.  Examples  of 
their  use  are  noted  in  the  references. 

Another  factor  which  requires  consideration  when  the  gal- 
lery is  equipped  with  a  ceiling  window  for  admitting  skylight, 
is  the  continually  changing  quality  of  daylight  so  that  some 
system  or  method  of  modifying  the  intensity  should  be  provided 
for.  This  may  be  effectively  accomplished  by  installing  a  system 
of  adjustable  louvres  between  the  sub-skywindow  and  the  main 
skywindow.  The  louvres  may  be  of  metal,  or  may  be  of  cloth 
on  wooden  frames,  and  in  either  case  they  should  be  controlled 
either  pneumatically  or  electrically,  from  the  room  below.  Thus, 
when  the  sun  is  in  such  a  direction  as  to  light  one  wall  to  a 
higher  intensity  than  the  opposite,  the  attendant  may  adjust  the 
louvres  until  more  uniform  illumination  is  obtained. 

A  much  simpler  method,  as  shown  in  Fig.  4,  is  to  provide  a 
large  draw  curtain  between  the  two  skywindows  which  can  be 
drawn  across  when  the  intensity  is  too  high.  This  system  is,  of 
course,  less  expensive,  but  is  not  as  satisfactory-  or  flexible  as 
the  former. 

The  question  of  proper  color  quality  of  artificial  light  for 
an  art  gallery  can  be  viewed  from  many  angles.  All  of  us  know 
that  a  distortion  of  hue  results  when  lights  of  different  spectral 
characteristics  fall  on  colored  objects.  This  is  true  even  in  day- 
light. One  artist,  for  example,  noted  that  his  blues  were  never 
as  vivid  in  the  finished  picture  as  when  he  mixed  them  on  his 
palette  under  the  open  sky  by  the  seashore  with  the  bluish  sky- 
light as  a  factor. 

At  the  other  extreme,  are  all  our  common  light  sources  which 
are  rich  in  the  red  and  yellow,  making  distortion  even  greater 
than  with  variations  of  natural  light.  That  this  fact  is  not  fully 
appreciated,  is  apparent,  for  one  prominent  artist  is  recorded  as 
saying  that  the  color  of  artificial  light  was  of  no  importance  as 
"a  work  of  art  is  a  work  of  art  under  any  conditions." 
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From  a  theoretical  standpoint  in  displaying  a  painting,  it 
seems  most  logical  to  attempt  to  reproduce  conditions  under  which 
it  was  conceived.  A  picture  painted  by  daylight  obviously  trans- 
fers the  artist's  conception  best  under  natural  light,  while  those 
painted  in  artificial  light  should  have  similar  treatment. 

In  an  art  gallery,  however,  all  types  are  found  in  the  same 
group,  and  even  the  position  of  individual  works  may  be  changed 
from  time  to  time.  It  is  scarcely  expedient  to  be  constantly 
shifting  the  lighting. 

It  is  probable  that  the  majority  of  pictures  were  produced 
under  daylight  conditions  and  the  daylight  (blue  bulb)  lamp 
seems  to  be  a  legitimate  light  source  for  the  art  gallery.  It  is  a 
compromise  between  unmodified  artificial  light  and  average  day- 
light, sufficiently  efficient  to  warrant  its  use.  When  lamps  of 
this  character  are  used,  the  transition  at  nightfall  is  much  less 
noticeable. 

There  is  another  phase  of  the  question  which  is  not  gen- 
erally applicable  to  the  large  gallery  and  possibly  open  to  objec- 
tions on  the  part  of  the  true  connoisseur,  that  is,  special  lighting 
by  tinted  lamps  of  individual  pictures.  Many  paintings  appear 
to  better  advantage  when  so  lighted.  Certain  colors  or  tones 
may  be  accentuated  or  subdued  with  skillful  treatment.  Again, 
each  picture  may  be  illuminated  by  light  with  a  certain  predom- 
inating direction,  coincident  with  the  general  direction  of  light 
in  the  picture,  thus  heightening  the  contrast.  This  field  of  light- 
ing presents  many  varied  and  interesting  problems,  and  in  gen- 
eral, needs  specialized  study  for  each  individual  work.  A  rather 
complete  discussion  is  given  in  one  of  the  references  cited. 

For  mural  and  ceiling  paintings,  similar  requirements,  as  to 
uniformity,  color  and  intensity,  as  those  encountered  with  pic- 
tures hanging  on  the  walls  are  presented. 

With  decorated  ceilings,  unless  structural  details  are  such 
as  to  cause  a  suspended  indirect  unit  to  be  in  good  taste,  the 
side  system,  that  is,  trough  or  cornice,  offers  the  happiest  solu- 
tion. Cornice  lighting  obviously  requires  very  careful  design  to 
avoid  spotted  effects  or  specular  reflection,  and  since  the  lighting 
units  are  inverted,  proper  maintenance  or  cleaning  is  a  very 
important  element. 
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It  is  apparent  we  cannot  readily  reproduce  the  equivalent  of 
the  top  lighting  system,  although  the  ceiling  in  one  of  the  buildings 
at  the  Panama-Pacific  Exposition  was  illuminated  by  search- 
lamps  placed  below  the  plate  glass  floor ;  with  ingenuity,  similar 
results  can  be  secured  in  a  less  expensive  and  effective  manner. 

A  novel  installation  of  this  character  is  to  be  observed  in 
Gallery  No.  32  at  the  Metropolitan  Museum  of  Art,  New  York 
City.  In  a  room  about  20  ft,  square,  are  installed  a  series  of 
22  ceiling  paintings  by  Picturrichio,  from  the  Piazza  Del  Mag- 
nifico  in  Sienna.  The  attempt  was  made  to  show  them  in  a 
direct  reproduction  of  their  original  settings.  The  architectural 
construction  of  the  room  prohibited  the  use  of  cove  or  cornice 
lighting,  and  ceiling  units  would  obviously  be  unsuited.  The 
lighting  equipment  was  placed  outside  the  six  cathedral  glass 
windows,  located  three  on  a  side  on  opposite  walls.  Each  is 
about  4x6  ft.  and  three  lOO-watt  type  C  lamps  without  re- 
flectors, are  symetrically  placed  at  the  rear  of  the  glass.  These 
are  supplemented  by  a  row  of  25-watt  tungsten  lamps  on  9-in. 
centers  in  a  mirrored  glass  reflector  at  the  bottom  of  the  window. 
The  total  power  consumption  is  approximately  4  watts  per  sq. 
ft.  of  floor  area. 

Natural  light  enters  through  exterior  windows  and  then 
passes  through  the  art  glass  panes  mentioned  above.  At  night 
a  shade  is  drawn  between  the  two  windows,  which  acts  as  a  re- 
flecting and  diffusing  surface.  The  resultant  light  is  soft,  com- 
fortable and  effective.  The  intensity  on  the  ceiling  is  about  i 
ft.-c. 

LIGHTING  OP  STATUARY 

The  sculptor  may  choose  the  most  perfect  piece  of  marble 
and  model  it  into  a  sublime  work  of  art ;  a  perfect  reproduction 
of  his  inspired  vision,  yet  a  careless  arrangement  of  the  work 
with  reference  to  predominant  light  may  cause^  unseemly  dis- 
tortions and  a  shattering  of  the  expressed  ideals. 

The  beauty  of  statuary  lies  in  the  relation  of  high  lights  and 
shadows.  The  desirable  density,  sharpness  and  quantity  of 
shadows,  depends  upon  the  emotion  to  be  depicted.  Tragedy  de- 
mands sharp  contrast  and  bold  shadows,  as  exemplified  in  the 
Loacoon  group.     On  the  other  hand,  a  piece  of  work  similar  to 
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Aphrodite,  portraying  soft,  subtle  modeling,  and  a  face  of  radiant 
pleasure,  needs  a  softer  light  to  bring  out  the  effect  of  the  more 
quiet  emotion.  Shadows  are  troublesome  in  sculpture  only  when 
they  tend  to  produce  false  impressions. 

Under  artificial  light,  the  degree  of  shadows  produced  de- 
pends upon  the  type  of  unit  used.  If  a  direct  lighting  system  is 
employed,  the  sharpest  of  shadows  are  produced  with  little  dif- 
fusion, except  from  the  light  reflected  from  surrounding  sur- 
faces, such  as  walls  and  floors.  With  a  totally  indirect  system,  of 
course,  a  minimum  of  shadows  is  obtained,  and  this  lighting  is 
scarcely  of  service.  With  semi-indirect  units,  however,  we  have 
a  particularly  fortunate  condition.  The  proportion  of  direct  to 
diffuse  or  reflected  light  is  dependent  on  the  density  of  the  glass 
of  the  bowl  or  with  a  given  density  of  glass,  these  factors  can  be 
varied  by  tinting  and  toning  the  ceiling,  increasing  its  absorp- 
tion. Enclosing  or  semi-enclosing  diffusing  units  having  similar 
properties  are  also  useful  in  producing  a  suitable  combination 
of  direct  and  diffuse  light. 

A  systematic  arrangement  of  either  of  these  two  latter  types 
of  units,  providing  an  intensity  of  from  4  to  6  ft.-c,  gives  good 
results.  Since  a  greater  amount  of  direct  light  is  usually  pro- 
duced immediately  beneath  the  outlet,  it  is  quite  logical  to  locate 
objects  requiring  well  defined  shadows  in  such  positions  and  those 
of  "softer"  lines  in  the  more  diffusely  lighted  areas.. 

Thus,  artificial  light,  on  account  of  the  possibility  of  readily 
changing  the  intensity,  color  and  direction,  is  one  of  our  best 
mediums  of  artistic  treatment.  Crude,  stagey  effects  should  be 
avoided  and  one  must  realize  that  while  lighting  cannot  make  art, 
it  can  certainly  mar  it. 

LIGHTING  OF  MUSEUMS 

Our  museums  contain  priceless  collections  of  natural,  scien- 
tific and  literary  curiosities,  conveniently  exhibited  where  the 
public  may  view  and  study  them  at  leisure.  It  is  important  that 
the  specimens  be  arranged  and  displayed  to  their  best  advantage, 
and  this  can  not  be  accomplished  unless  the  exhibit  is  properly 
illuminated  to  facilitate  careful  study. 
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There  must  obviously  be  good  general  lighting,  special  light- 
ing of  a  high  intensity  for  small  objects  in  show-cases,  and 
more  or  less  stage  lighting  effects  where  a  group  is  presented  in 
its  natural  setting.  Pro|)er  lighting  will  do  much  to  render  the 
building  attractive,  stimulate  interest  and  assist  in  serious  study. 

Glaring  light  sources  and  reflecting  images  must  be  avoided, 
for  there  is  no  one  factor  which  tends  to  reduce  the  effectiveness 
of  a  museum  more  than  annoying  reflections  in  the  glass  surfaces 
of  the  cases.  A  well  diffused,  general  lighting  is  required,  of 
an  intensity  of  6  to  8  ft.-c,  so  arranged  that  it  will  not  cause 
objectionable  shadows  on  the  exhibits.  The  indirect  systems,  or 
diffusing  direct  lighting  units  of  neat  simple  lines,  meet  these 
demands.  The  fixture  itself  should  be  dignified  and  in  conformity 
with  the  architecture  of  the  building.  In  the  foyer  and  similar 
places,  massive  ornamental  standards  or  multiple  unit  fixtures 
are  frequently  necessary  to  carry  out  the  decorative  idea. 

The  lighting  of  exhibit  cases  is  obviously  an  important  fea- 
ture. In  general,  they  may  be  divided  into  two  distinct  groups — 
those  constructed  entirely  of  glass  and  readily  illuminated  by  the 
general  system,  and  those  having  an  opaque  top,  or  of  such  a 
nature  as  to  require  local  illumination.  The  principles  appli- 
cable to  store-window  lighting  are  effective  here.  The  wall  cases 
usually  have  a  cornice  at  the  top  behind  which  lighting  equipment 
may  be  readily  installed  in  an  inconspicuous  manner.  As  most 
of  the  cases  are  air-tight  in  order  that  they  may  be  dust  proof, 
it  is  important  that  low  wattage  lamps  be  employed  to  prevent 
excessive  heating.  Small  mirrored  glass  or  metal  individual 
reflectors  or  continuous  trough  equipment  can  be  utilized.  The 
type  of  light  distribution  given  by  the  selected  reflector  will 
naturally  depend  on  the  dimensions  of  the  case. 

It  is  interesting  to  contrast  Figs.  6  and  7.  In  the  former  a 
lighting  installation  carrying  out  the  principles  outlined  above  is 
in  service.  Relatively  high  wattage  type  C  lamps  are  employed 
in  neat  semi-indirect  bowls  of  medium  density.  The  diffused 
light  makes  the  room  comfortable,  illuminates  the  exhibits  ef- 
fectively, showing  up  the  mural  paintings  to  good  advantage  and 
eliminates  annoying  reflections  from  the  table  and  wall  cases. 
In.  Fig.  7,  the  educational  value  of  the  priceless  collection  of 


542         TRANSACTIONS  I.  E.  S.     VOI,.  XVI,  NO.  9,  DEC  30,  I92I 

birds  is  very  materially  reduced  by  the  ineffective  lighting  which 
exists,  even  at  this  present  day  of  widespread  knowledge  of  the 
principles  of  illumination.  Multiple  unit  bracket  fixtures  with 
bare  carbon  lamps  are  attached  to  the  high  glass  cases.  The 
direct  glare  is,  of  course,  serious,  but  numberless  reflections,  far 
more  annoying,  are  to  be  seen  in  each  pane  of  glass.  How  much 
more  attractive  this  room  would  be  with  a  moderate  intensity  of 
general  lighting  from  overhead  units  and  concealed  lighting  with- 
in the  cases  themselves. 

As  mentioned  above,  the  most  interesting  phase  of  museum 
lighting  is  that  of  providing  special  effects  for  cases  or  alcoves 
containing  objects  in  their  natural  surroundings.  The  principles 
of  stage  lighting  have  been  applied  to  the  show  window  with 
excellent  results.  They  are  especially  applicable  here.  The 
method  of  handling  individual  exhibits  will  depend  on  the  con- 
struction of  the  case  and  the  ingenuity  of  the  designer.  Figures 
8  and  9  present  two  typical  examples.  In  the  former,  a  North 
Florida  group,  showing  birds  and  reptiles  in  characteristic  at- 
titudes, the  top  of  the  case  is  of  diffusing  glass.  Above  this  is 
located  a  row  of  40- watt  tungsten  lamps  in  bowl  type  reflectors 
along  the  front  edge  of  the  case.  In  another  position  is  placed 
a  group  of  lOO-watt  lamps  in  concentrating  reflectors,  directed 
so  as  to  give  the  appearance  of  sunlight  streaming  through  the 
foliage. 

In  Fig.  9,  several  Hopi  Indians  are  busily  engaged  in  their 
daily  household  tasks.  The  old  man  in  the  background  casts  a 
dense  shadow  behind  him.  The  foreground  is  in  comparative 
darkness,  while  the  village  itself  is  brilliant  with  the  noonday  sun. 
Twenty-five  watt  tungsten  lamps  in  bowl  shaped  reflectors  care- 
fully concealed  from  view  illuminate  the  general  scene.  A  250- 
watt  concentrated  filament  lamp  in  a  small  lens  spot  directs  the 
beam  of  light  as  indicated  by  the  shadow  effects.  Color  and  direc- 
tion of  light  are  again  of  service  in  conjunction  with  experimen- 
tation. 

The  laboratory  and  workshops  of  the  museums  (where 
figures  of  the  groups  are  cast  or  modeled  specimens  mounted, 
magnified  copies  of  objects  made  in  glass  and  wax,  and  models  of 
all  sorts  repaired)   offer  no  distinct  problem  from  those  of  the 
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Fig.  6. — The  effective  illumination  produced  by  a  semi  indirect  system  is  well  shown  in 
this  night  view  of  an  exhibit  room.  joowatt  lamps  in  opalescent  bowls  on 
i6ft.   centers   provide   an   average   intensity   of   7   ft.-c. 


*'»«•   7.— An  old   style  carbon   lamp   installation   still   in   6ervice.      The   annoying   refltc- 
tions  and  glaring  conditions  distract  greatly  from  the  appearance  of  the  room. 


Fig.  8. — A  view  of  a  Northern  Florida  group  depending  entirely  upon  the  artificial 
illumination  for  the  lighting  effect.  The  lighting  is  accomplished  by  6o-watt 
lamps  in  steel   reflectors  placed  above  the  opal  glass  top  of  the  case. 
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Fig.  9. — The  night  view  of  an  alcove  containing  a  Hopi  Indian  group  shows  the 
effectiveness  of  skillfully  applied  artificial  light.  The  principles  of  stage  lighting 
are  directly  applicable  to  such   displays. 
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ordinary  industrial  plant  with  similar  demands  on  vision.  A 
high  intensity  of  general  illumination  with  efhcient  direct  lighting 
units,  such  as  standard  dome  reflectors  and  bowl  enameled  type 
C  lamps  will  j)ermit  accurate  work  amid  pleasing  surroundings. 
Convenience  outlets  to  which  suitably  shielded  local  lamps  can 
be  attached  are  necessary  along  the  benches  in  order  that  the 
very  high  intensity,  necessary  when  working  on  minute  objects, 
can  be  available. 

The  reception  rooms,  corridors  and  offices,  present  no  ques- 
tions distinct  from  those  of  similar  rooms  in  other  classes  of  ser- 
vice. These  fields  of  lighting  have  been  discussed  many  times 
and  need  no  further  attention  at  this  point. 

LIGHTING  OF  LIBRARIES 

The  use  of  a  library  reflects  to  a  greater  or  less  degree  the 
intellectual  and  artistic  standing  of  the  community,  and  there  is, 
perhaps,  no  better  way  to  invite  patronage  than  by  making  the 
interior  attractive  and  comfortable.  Even  though  the  building 
is  beautifully  designed  and  well  provided  with  books,  unless  the 
lighting  is  suitable  and  adequate,  it  is  not  a  thoroughly  effective 
institution.  The  primary  function  of  the  lighting  installation  is 
to  enable  printed  matter  to  be  read  with  ease,  but  in  addition,  it 
offers  an  opportunity  for  accentuating  the  architectural  design 
and  beauty  of  the  building. 

Libraries  may  be  divided  into  two  quite  distinct  classes — 
one,  the  monumental  building  of  the  large  city  where  the  rooms 
are  spacious,  ceilings  high,  corridors  handsomely  finished  in 
marble,  and  where  the  element  of  decoration  plays  a  large  part. 
Reading  rooms  in  this  class  of  buildings  are  generally  separate 
from  the  stack  room.  The  other,  the  branch,  public  school  or 
town  library,  unpretentious  in  nature  where  the  books  are  stored 
in  cases  around  the  room.  Here  the  decorative  feature  is  second- 
ary and  utility  of  light  plays  a  more  important  part. 

It  is  quite  common  practice  to  install  decorative  fixtures  in 
the  high  ceiling  reading  room  of  buildings  of  the  first  class. 
These  supply  a  moderate  intensity  of  general  illumination,  neces- 
sary for  supervision  and  to  prevent  severe  contrasts  of  brightness, 
but  are  seldom  designed  to  supply  enough  light  for  continued 
reading.     All  too  frequently,  the  decorative  value  is  apparently 
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the  only  element  of  design  given  sufficient  weight,  and  examples 
are  well  known  of  glaring  and  hence  ineffective  installations. 
Unshaded  lamps  are  studded  in  huge  clusters,  sometimes  un- 
fortunately in  the  field  of  view.  It  is  quite  out  of  the  question 
to  lay  down  specific  rules  on  this  phase  of  lighting,  for  individual 
taste  varies,  and  earnest  cooperation  between  the  architect,  fix- 
ture specialist  and  illuminating  engineer  is  advisable. 

In  addition  to  the  general  illumination  of  from  2  to  4  ft.-c, 
local  lighting  should  be  supplied  on  the  tables.  These  lamps 
should  be  very  carefully  chosen,  and  so  placed  that  direct  or  re- 
flected glare  is  minimized.  Many  standard  types  in  wide  use  are 
most  inappropriate  and  productive  of  eye  fatigue.  A  number 
of  special  designs  are  available  which  carry  out  the  principles 
outlined  in  the  article  by  Mr.  Luckiesh,  referred  to  in  the  biblio- 
graphy. An  even  distribution  of  light  over  the  table  top,  of  an 
intensity  of  from  6  to  8  ft.-c,  is  suitable,  although  higher  in- 
tensities are  sometimes  necessary  where  faded  manuscripts  or 
books  with  very  fine  type  are  likely  to  be  used. 

The  lighting  in  the  library  at  the  University  of  Michigan 
affords  an  excellent  example  of  cooperation  between  the  engineer 
and  the  architect.  Inverted  reflectors  of  mirrored  glass,  with 
type  C  lamps,  are  placed  on  the  tops  of  the  book-shelves  around 
the  sides  of  the  room.  The  ceiling  is  relatively  high,  finished  in 
a  light  cream.  General  indirect  illumination  is  provided.  Re- 
flectors were  chosen  and  placed  with  reference  to  the  ceiling, 
so  that  all  spotted  effect  is  eliminated.  Professor  Higbie  de- 
signed a  table  lamp  which  is  in  the  form  of  a  continuous  trough, 
finished  on  the  exterior  to  harmonize  with  the  room  decorations. 
This  acts  largely  by  diffuse  reflection  and  the  quality  of  illumina- 
tion on  the  table  top  is  of  a  high  order. 

As  mentioned,  in  the  reading  room  of  the  second  class  of 
buildings  are  located  the  book  stacks,  and  general  lighting  with 
the  indirect  systems  is  the  most  logical  method  of  meeting  the 
requirements.  With  the  present  day  high  efficiency  lamps,  it  is 
advisable  to  supply  from  6  to  8  ft.-c.  throughout  the  room,  elimi- 
nating the  necessity  and  bother  of  local  or  table  lamps.  The 
diffuse  character  of  the  illumination  thus  produced  gives  ex- 
cellent lighting  on  the  vertical  surfaces  of  the  stacks. 
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The  catalog  room  of  the  city  Hbrary  is  generally  lighted  by 
massive  ornamental  fixtures,  and  the  remarks  given  under  the 
reading  room  apply  to  this  part  of  the  building.  Simple  brackets, 
attached  to  the  filing  cabinets,  carrying  relatively  low  wattage 
lamps  in  deep  bowl  or  enamel  reflectors,  increase  the  intensity  of 
illumination  in  that  region  from  6  ft.-c.  to  8  ft.-c. 

The  periodical  rooms  and  special  reading  rooms  are  similar 
in  nature  to  those  of  the  small  library,  and  the  type  of  lighting 
suggested  there  fits  these  conditions. 

In  the  stack  room,  the  titles  and  numbers  on  the  books  must 
be  readily  discernible,  and  an  average  intensity  of  from  2  to  4 
ft.-c.  is  desirable.  Twenty-five-watt  or  fifty-watt  tungsten  lamps 
with  deep  bowl  opalescent  glass  reflectors,  attached  to  a  line  of 
overhead  conduit  over  the  aisles,  on  6  to  10  ft.  centers,  will  fulfill 
the  demand.  Where  the  aisles  are  of  considerable  length,  three- 
way  switches  at  both  ends  are  economical  in  enabling  the  attendant 
to  obtain  the  required  light  and  to  extinguish  it  after  the  de- 
sired book  has  been  obtained. 

In  the  entrance  and  corridors,  as  with  the  museum,  the 
decorative  element  is  predominant,  and  any  of  the  systems  of 
lighting  can  be  applied  here,  provided  an  intensity  of  from  i  to 
2  ft.-c.  for  safe  ingress  and  egress  is  available.  Enclosing  units 
offer  certain  advantages  from  a  standpoint  of  difi:'usion  and  can 
well  be  supplemented  by  wall  brackets  of  ornamental  design. 

The  principles  of  industrial  lighting  apply  to  the  bindery, 
which  is  a  far  more  important  element  of  library  operation  than 
most  of  us  realize.  The  huge  circulation  of  our  large  libraries 
entails  a  great  deal  of  repair  work  and  rebinding.  As  with  any 
factory,  high  level,  well  diffused  light  will  be  productive  of  in- 
creased output. 

LIGHTING  OF  MUNICIPAL,  COUNTY  AND  STATE  BUILDINGS 

The  larger  portion  of  these  structures  is  devoted  to  private 
and  clerical  oflfices,  the  illumination  of  which  has  been  thoroughly 
covered  in  the  I.  E.  S.  Transactions.  Entrances,  corridors, 
and  reception  rooms  are  similar  in  demand  to  those  in  the  mu- 
seum, and  where  inscriptions  and  mural  paintings  are  present, 
care  should  be  taken  to  see  that  the  type  of  unit  chosen  for  light- 
ing permits  these  to  be  seen  in  a  clear  and  effective  manner. 
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Committee  and  jury  rooms  have  the  same  general  require- 
ments as  the  office,  although  a  lower  intensity  (3  to  5  ft.-c.)  is 
sufficient.  In  many  instances,  however,  these  rooms  are  finished 
in  dark  wood,  which  makes  the  lighting  problem  considerably 
more  complex.  Bracket  units  with  unshielded  lamps  must  be 
avoided  and  diffusing  enclosing  globes,  well  out  of  the  angle  of 
view,  offer  probably  the  best  solution.  The  character  and  design 
of  the  supporting  fixture  will  depend  on  the  elaborateness  of  the 
decoration.  The  beautifully  finished  room  pictured  in  Fig.  lo, 
would  be  much  more  pleasant  if  the  wall  brackets  were  omitted 
and  the  general  lighting  fixtures  placed  closer  to  the  ceiling. 

Figuratively  speaking,  light  and  justice  are  always  associated, 
and  yet  an  investigation  of  the  lighting  in  our  court  and  assem- 
bly rooms  shows  them  to  be,  in  many  instances,  dark  and  dingy. 
When  necessity  arises  for  proving  physical  facts  by  visible  evi- 
dence, it  is  often  difficult  to  observe  the  details  of  the  exhibit. 
During  a  court  trial,  it  is  certainly  desirable  that  the  judge  and 
jury  should  see  the  witness  with  the  utmost  distinctness  as  testi- 
mony is  being  given,  and  it  is  evident  that  proper  lighting  is 
essential. 

Many  of  our  court  rooms  are  still  illuminated  by  open  burner 
gas  jets,  or  by  old  gas  fixtures  which  have  been  slightly  altered 
to  accommodate  such  electric  lamps  as  would  go  inside  the  globe 
without  any  forethought  from  the  standpoint  of  intensity,  dis- 
tribution or  diffusion. 

The  general  lighting  requirements  are  similar  to  those  of  an 
auditorium,  and  lighting  units  should  be  suspended  well  out  of  the 
line  of  vision,  even  though  of  a  decorative  nature.  Wall  brackets 
at  the  front  of  the  room  are  especially  objectionable,  as  they  are 
continuously  in  the  field  of  view,  and  one's  attention  is  naturally 
directed  toward  the  judge  and  witness.  An  example  of  such  an 
installation  is  to  be  seen  in  Fig.  ii. 

While  stage  effects  are  not  in  especially  good  taste,  there 
is  no  reason  why  advantage  should  not  be  taken  of  some  of  the 
principles  utilized  so  effectively  on  the  stage.  Tf  the  director 
desires  to  focus  the  attention  of  the  audience  on  a  particular  part 
of  the  scene  or  one  actor,  he  illuminates  this  area  to  a  higher 
intensity  by  the  use  of  a  spot  lamp  of  some  sort.     If  the  con- 


Fig.    10.— A   committee   room   handsomely   finished   in   dark    woodwork    with    its   beauty 
reduced  by  sharp  contrasts  in  brightness  due  to  improperly  used   wall  brackets. 


Fig.  II.— This  court  room  would  have  been  much  more  comfortable  if  the  bracket 
fixtures  at  the  front  and  sides  had  been  eliminated  and  the  pendant  units  raised 
several   feet. 


Fig.  12. — A  well  lighted  bank  using  300-watt  lamps  in  semi-direct  bowls  on  centers 
18  X  32  ft.  The  fixtures  are  simple  yet  dignified  and  provide  a  uniform  in- 
tensity of  5   ft.-c  throughout  the  main  banking  space. 


Fig.  13.— A  night  view  showing  a  typical  cage  grill  fixture  employing  25-watt  lamps 
spaced  about  14  in.  apart.  The  continuous  housing  conforms  with  the  architec- 
tural features  of  the  bank  and  the  well  diffused  light  on  the  counters  facilitates 
the  clerical  work. 
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struction  of  the  building  is  such  as  to  permit  a  suspension  type 
spot  lamp  to  be  concealed  from  view,  it  would  seem  fairly  logi- 
cal to  direct  the  light  from  this  lamp  on  to  the  witness  stand. 
A  sharply  defined  spot  would  not  be  desirable,  but  on  the  other 
hand,  one  which  shaded  off  gradually  would  produce  the  desired 
effect  without  being  noticed  by  the  casual  observer. 

There  are  many  cases  which  come  to  trial  where  the  verdict 
depends  on  a  close  examination  of  the  evidence,  as  in  the  case  of 
forgery,  or  an  erasure  in  a  document.  Much  time  may  be  lost 
if  the  case  has  to  be  adjourned  to  an  adequately  lighted  room 
in  order  to  view  the  exhibit.  If  convenience  outlets  are  provided 
to  which  local  lamps  giving  a  high  intensity  of  illumination  can 
be  attached,  this  work  can  be  carried  on  without  loss  of  time. 
The  accurate  type  of  color  identification  unit,  providing  illumi- 
nation of  a  high  intensity  over  a  small  area  of  a  true  daylight 
value,  should  be  useful.  In  his  paper  on  "The  Relation  of  Light 
to  the  Proof  of  Documents"  presented  before  the  Illuminating 
Engineering  Society,  Mr.  A.  S.  Osborn  pointed  out  the  impor- 
tance of  this  question  and  the  desirability  of  employing  some 
such  scheme  as  suggested. 

BANK  LIGHTING 

The  lighting  system  in  the  bank  should  be  such  as  to  im- 
press the  patrons  with  the  dignity  of  the  institution,  and  yet 
eliminate  any  idea  that  the  building  is  simply  a  cold  storage  place 
for  currency,  by  making  the  interior  comfortable  and  inviting. 
A  high  intensity  of  illumination  will  eliminate  eye  fatigue  and 
thus  prevent  opportunities  for  errors,  and  will  increase  the  speed 
of  the  clerical  force.  It  is  an  asset  in  advertising  the  bank  and 
many  deem  it  advisable  to  leave  the  lamps  in  service  at  night  for 
this  purpose,  as  well  as  for  the  protective  value  of  the  light. 

With  the  high  efficiency  of  the  present-day  illuminants  the 
old  form  of  local  or  drop  lighting  is  gradually  being  eliminated, 
and  the  multiplicity  of  unsightly  cords  and  tin  shades  which  for- 
merly occupied  the  space  behind  the  cages,  is  becoming  a  thing 
of  the  past.  The  main  banking  space  should  be  equipped  with 
general  lighting  of  an  intensity  of  from  4  to  6  ft.-c.  Almost  any 
form  of  fixture  which  harmonizes  with  the  architectural  features 
might  be  used,  providing  it  fulfills  the  general  requirements  as 
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to  distribution  and  diffusion.  If  the  general  lighting  is  not  suf- 
ficient, patrons'  desks  should  be  equipped  with  local  units  pro- 
ducing an  intensity  of  from  8  to  10  ft.-c.  The  general  type  of 
these  units  should  be  similar  to  those  recommended  for  reading 
in  the  library,  and  they  should  be  so  located  as  to  prevent  direct 
and  reflected  glare.  The  exterior  of  the  fixture  obviously  har- 
monizes with  the  other  metal  work. 

A  pleasing,  yet  simple  and  inexpensive  installation  of  semi- 
indirect  units  is  pictured  in  Fig.  12.  With  a  system  such  as  this, 
larger  lamps  can  be  installed  in  the  units  over  the  working  por- 
tions to  provide  the  higher  intensity  needed  here  for  book- 
keeping. 

The  general  lighting  system  is  often  supplemented  by  cage 
grill  fixtures  to  raise  the  intensity  at  the  various  wickets  to  a 
value  of  approximately  10  ft.-c.  This  greatly  facilitates  cleri- 
cal work  and  reduces  errors.  In  the  installation  shown  in  Fig. 
13,  25-watt  tungsten  lamps  on  14-in.  centers,  are  placed  in  a 
continuous  mirrored  trough  reflector.  The  fixture  is  finished 
to  conform  with  the  room  decorations.  The  distribution  of  light 
is  such  as  to  prevent  glare  and  a  diffusing  glass  plate  over  the 
opening  prevents  annoying  reflections  of  lamp  filaments. 

The  vaults  are  used  primarily  for  the  storage  of  valuable 
documents,  and  little  actual  work  is  carried  on  here.  A  lower 
intensity  (3  to  4  ft.-c.)  suffices  here.  In  most  instances  it  is  in- 
advisable to  pierce  the  armor  plate  of  the  safe  to  furnish  elec- 
tric current  for  lighting  purposes.  A  convenient  arrangement 
to  overcome  this  difficulty  is  to  locate  one  receptacle  outside  of 
the  vault  connected  to  the  power  supply,  and  another  inside  of 
the  vault  feeding  the  lighting  circuit.  When  the  steel  door  is 
opened,  a  flexible  cable  with  a  plug  at  each  end  connects  the 
two  receptacles.  A  circuit  breaker  installed  on  the  line  is  some- 
times used  for  purposes  of  economy,  for  occasionally,  through 
oversight,  the  steel  door  is  accidentally  closed  on  the  cable,  thus 
short  circuiting  the  line.  In  the  vault  itself,  diffusing  bulb  small 
wattage  lamps,  without  reflectors,  are  satisfactory  in  close  ceil- 
ing type  receptacles. 
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DISCUSSION 
The  papers,  by  Messrs.  Powell  and  Parker,  and  Messrs.  Cur- 
tis and  Stair  were  discussed  together.    See  page  570. 
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RECENT  DEPARTURES  FROM  USUAL  LIGHTING 
PRACTICE  IN  PUBLIC  SPACES  AND  OFFICES* 


BY  AUGUSTUS  l>.  CURTIS  AND  J.   L.   STAIR** 


The  world  is  full  of  things  that  lack  distinguishing  character- 
istics—things that  keep  closely  to  the  established  order  or  practice. 
Even  in  our  own  field  of  lighting,  we  are  often  impressed  with 
the  sameness— almost  unvarying  monotony  to  be  found  in  many  of 
the  applications  with  which  we  deal. 

It  is  the  unusual  that  gives  us  the  keenest  feeling  to  having 
accomplished  something  in  the  art  of  the  use  of  light.  In  other 
words,  to  quote  Mr.  Luckiesh,  "Variety  is  the  Spice  of  Lighting." 
Unusual  should  not  be  mistaken  for  freakish.  Whimsical  appli- 
cations cannot  be  considered  as  adding  variety.  They  are  merely 
distracting  and  have  no  effect  in  the  advancing  of  the  art.  Many 
of  the  new  uses  or  methods  mark  the  birthdays  or  chapter  head- 
ings in  the  life  of  lighting  progress.  The  revolution  in  lighting 
can  be  dated  from  the  invention  of  the  incandescent  lamp.  Many 
changes  followed  immediately  upon  the  production  of  the  gas- 
filled  tungsten  (type  C)  lamp. 

The  examples  that  are  offered  in  this  paper  have  required  an 
intimate  study  of  the  particular  conditions  that  exist  in  each  case, 
indicate  methods  that  will  find  further  use  and  contain  ideas  that 
can  often  be  woven  into  the  architectural  structure  of  buildings. 

In  the  illumination  of  public  buildings,  the  lighting  man 
should  feel  his  responsibility  in  the  emphasizing  of  the  archi- 
tectural beauties  of  the  interior,  as  well  as  providing  adequate 
illummation.  The  lighting  should,  in  other  words,  serve  or  co- 
operate with  the  other  arts  in  bringing  about  complete  harmony 
m  the  interior.  In  the  lighting  of  office  spaces,  the  lighting  man 
should  keep  constantly  in  mind  the  fact  that  power  consumption 
should  not  enter  into  the  discussion  to  such  an  extent  as  to  crowd 
out  the  vital  interests  of  working  efficiency  and  humanitarianism. 

-A   pap*r   presented   at   the  Annual  Convention   of  the  niuminating  Enirineerin, 
Soaety,  Rochester.  N    V  .  September  J6-29.  1911.  'logineenng 
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The  following  are  a  few  of  the  recent  departures  from  usual 
lighting  practice  in  public  spaces  and  offices  and  it  is  for  history 
to  record,  as  to  whether  or  not,  they  are  milestones  in  the  art  of 
illumination. 

THE  DIXIE  TERMINAL. 

Before  attempting  to  describe  any  particular  detail  in  this 
very  interesting  building,  it  will  be  well  to  note  something  of  the 
history  of  the  project. 

As  most  of  us  are  aware,  the  City  of  Cincinnati  lies  on  the 
bank  of  the  Ohio  River  with  the  cities  of  Covington  and  Newport 
directly  opposite  on  the  Kentucky  side.  The  surface  cars  from 
"over  the  river"  have  heretofore  passed  over  the  suspension  bridge 
and  thence  into  the  various  downtown  streets,  adding  to  the 
already  con  jested  conditions.  For  years  this  condition  has 
become  daily  more  intolerable,  and  much  thought  has  been  given 
to  methods  of  relief.  It  remained,  however,  for  Mr.  Harry  L. 
Linch,  one  of  Cincinnati's  young  attorneys  to  conceive  the  idea 
of  a  terminal  building  which  would  take  a  great  part  of  this  traffic 
from  the  streets  of  the  shopping  district.  The  services  of  Garber 
and  Woodward,  Architects,  were  secured  to  embellish  his  idea  and 
together  they  developed  the  plan  of  the  Dixie  Terminal. 

The  natural  lay  of  the  land  on  the  bank  of  the  river  helped 
greatly  in  this  project,  as  Third  Street  to  the  rear  of  the  building 
is  two  stories  lower  than  Fourth  Street  at  the  front.  The  Coving- 
ton cars  which  use  the  suspension  bridge  come  straight  in  at  the 
bridge  level  and  enter  the  second  floor  of  the  South  Building. 
The  Newport  cars  which  cross  the  river  above,  come  into  the 
first  floor  level  of  this  building.  Leading  from  the  two  landing 
platforms,  ramps  or  incline  passages  connect  with  the  beautiful 
arcade  and  concourse  in  the  North  Building.  These  arcades 
connect  with  Fourth  Street  the  principal  shopping  thoroughfare. 
The  arcade  and  concourse  are  lined  with  stores  and  clever  little 
shops  showing  the  finest  of  merchandise.  The  balance  of  the 
North  Building  is  devoted  to  office  space. 

As  many  thousands  of  people  pass  through  the  building  daily, 
a  very  attractive  decorative  scheme  was  desired.  The  arcade, 
as  will  be  noted  from  Fig.  2  is  done  in  the  Italian  Renaissance 
period,  with  medallions  in  shallow  relief  featured  in  the  vaulted 
ceiling.     In  selecting  a   system  of  illumination  for  the  arcade 
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Fig.    1.— Short    section    of   lighting    trough    used    in    Dixie    Terminal    Building    Arcade. 


Fig.   2. — Night  view   of  the  Arcade — Dixie   Terminal    Building. 
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Fig.    3.^ — Diagrammatic    sections    of    the    Arcade — Dixie    Terminal    Building,    showing 
location   of  concealed  lighting  units. 
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space,  it  was  desired  tliat  no  lij^ht  source  or  lighting  accessory 
should  be  in  view  against  the  decorative  pattern  of  the  orna- 
mental ceiling,  yet  all  of  the  details  and  coloring  should  be 
pleasingly  revealed  by  light  thrown  upward.  At  the  same  time 
it  was  necessar}'  to  consider  the  fact  that  the  gallery  floor  with  its 
rows  of  shops  should  be  protected  from  any  glaring  type  of  light- 
ing. A  system  of  cove  lighting  from  the  cornice  at  the  foot  of 
the  baluster  rail  seemed  to  be  the  only  practical  method  of 
accomplishing   this   result. 
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Fif.    4. — Section    of    bousing   or    lighting   trough    us«d    in    the    Arcade    cornice — Dixie 
Terminal   Building. 


Much  care  was  exercised  in  the  design  of  the  lighting  trough 
containing  the  reflectors  in  order  to  avoid  offending  the  eye  of  the 
observer  on  the  gallery  level,  especially  those  on  the  opposite  side 
of  the  arcade.  Figs,  i,  3  and  4  illustrate  the  arrangement  of 
the  reflectors  and  their  relation  to  the  sight  lines  from  the  gallery 
level.     A  total  of  354  mirrored  reflectors  with  75-watt  tj-pe  C 
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clear  lamps,  were  used  in  this  work.  The  various  sections  are 
wired  to  permit  of  three  intensities  of  illumination.  The  short 
sections  in  front  of  the  columns  are  on  a  separate  circuit  and  are 
used  for  low-intensity  lighting  after  the  rush  of  the  late  evening 
traffic. 

The  shops  are  lighted  with  specially  designed  semi-direct 
glass  units  with  cast  ornamental  hangers.  The  shop  windows  are 
illuminated  in  a  novel  manner.  All  reflectors  are  recessed  above 
the  ceiling  level  and  the  bottom  opening  is  covered  with  a  hinged 
glass  door.  The  glass  used  is  of  a  low  absorption  diffusing  type, 
thus  concealing  all  reflectors.  Grooves  and  clips  to  hold  the  new 
color-ray  slides  with  which  to  secure  different  color  lighting 
effects,  are  provided  on  the  bottom  doors.  A  total  of  450  reflec- 
tors are  used  in  the  shop  windows. 

The  Dixie  Terminal  Building  is  one  of  the  first  office  build- 
ings in  which  totally  indirect  lighting  has  been  used  for  all  office 
spaces.  This  is  rather  unusual  for  a  building  in  which  office 
space  is  to  be  rented,  and  the  decision  to  adopt  the  engineers 
recommendation  as  to  this  type  of  lighting  was  reached  only  after 
the  building  committee  had  made  extended  inspection  tours  of  the 
principal  office  buildings  in  the  United  States.  As  far  as  we  are 
aware  no  such  extensive  tests  of  all  types  of  equipment  and  such 
painstaking  investigation  of  the  most  suitable  form  of  illumination 
have  been  heretofore  conducted.  The  lighting  unit  which  was 
approved  and  installed  for  the  entire  office  space  is  of  the 
luminous-bowl  type.  The  glassware  of  the  fixture  consists  of 
bowls  which  enclose  the  indirect  reflector  equipment.  The 
fixtures  have  been  equipped  with  oversized  diffusers  to  secure  a 
somewhat  greater  bowl  brightness  than  is  usually  obtained  with 
luminous  bowl  indirect  lighting  units.  About  12  per  cent  of  the 
light  from  the  lamp  is  distributed  by  the  diffuser  to  illuminate 
the  glass  bowl  which  is  the  decorative  cover  or  envelope  of  the 
silvered  glass  indirect  lighting  reflector. 

Approximately  750  fixtures  of  200  and  300-watt  sizes  were 
required  for  the  office  lighting.  A  dust  cover  which  fastens  into 
the  inner  top  supporting  rim  of  the  fixture  serves  to  support  the 
reflector  and  diffuser  and  prevent  dust  from  settling  into  the  outer 
glass  bowl.  Each  supporting  arm  of  the  fixture  is  so  arranged 
that  the  process  of  cleaning  is  simplified  by  dropping  down  only 
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one  side  of  the  bowl.  Thus  tlie  lamp  and  reflector  can  be  easily 
cleaned  without  ranoving  either.  The  fixtures  are  of  the  same 
^'eneral  type  as  shown  in  Fig.  13.  The  reflectors  arc  so  designed 
as  to  produce  an  even  ceiling  illumination,  the  spacing  between 
outlets  and  height  of  ceiling  being  the  determining  factors. 
Figure  5  shows  the  candle-power  distribution  curve  of  the 
reflector. 
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Tig.  5. — Candle-power  distribution  of  reflector  used  in  Dixie  Terminal  Buildinf. 

Recent  tests  taken  in  some  of  the  offices  show  a  remarkable 
uniformity  of  illumination  and  intensities  at  the  desk  level  vary- 
ing from  8  to  14  ft-c. 


GREAT  HALL  OF  THE  CUNARD  BUILDING. 

The  Cunard  Building  is  the  largest  and  most  important  that 
has  been  constructed  in  New  York  City  since  the  end  of  the  war. 
The  most  fascinating  feature  of  this  structure  is  the  Great  Hall. 
(See  Fig.  8.)  Concerning  this  particular  room,  the  architect  of 
the  building  has  expressed  himself  as  follows:  "The  eye  and 
mind  are  at  once  impressed  with  a  sense  of  space  and  dignity 
unusual  in  a  room  designed  for  the  transaction  of  business.  The 
arrangement  consists  of  two  squares  terminating  the  longitudinal 
axis  and  separated  from  each  other  by  a  hugh  octagon.  The 
North  and  South  sides  of  the  end  squares  are  extended  by  means 
of  elliptical  niches  and  are  roofed  by  groined  arched  ceilings, 
while  the  octagon  ceiling  is  a  dome  65  ft.  in  height." 
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The  walls,  floors  and  counters  are  done  in  Travertine,  the 
rich  color  of  the  ceiling  being  brought  down  to  the  level  of  the  eye 
by  Barry  Faulkner's  maps  on  the  walls  of  the  four  niches.  Sur- 
mounting the  Travertine  walls  is  a  cornice  36  ft.  from  the  floor 
and  above  it  soars  the  intersecting  curves  and  surfaces  of  the 
ceiling,  a  stupendous  composition  of  color,  line  and  harmony  by 
Ezra  Winter.  Portrayed  here  is  the  age-old  romance  of  the  sea, 
or  lure  of  travel.  Painted  in  the  circular  insets  or  modeled 
medallions,  sea  creatures  of  many  kinds — tritons,  mermaids  and 
sirens — express  the  fascination  which  the     sea  has  always  pos- 
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Fig.   6. — Plan   of   Great   Hall  of   Cunard   Building  showing  location   of  indirect   table 
lamps  and  cove  lighting  units. 


sessed  for  the  imagination  of  the  world.  The  great  pendentives 
of  the  dome  are  decorated  with  magnificent  composition  depicting 
the  strange  craft  of  the  early  mariners,  Leif  Ericson,  Sebastian 
Cabot,  Christopher  Columbus  and  Sir  Francis  Drake.  The  Great 
Hall  ceiling  is  one  of  the  few  in  the  country  in  which  strong 
brilliant  colors  have  been  used.  The  decorations  have  been 
produced  in  permanent  flat  tones,  brilliant  or  subdued  as  desired, 
and  without  gloss  or  disturbing  reflections. 

Picture,  for  instance,  how  ineffective  the  mural  decorations 
and  ceiling  coloring  in  the  Cunard  Great  Hall  would  be  without  a 
proper  lighting  method  by  which  the  artistic  features  could  be 
viewed  with  satisfaction.  Those  who  view  this  lighting  installa- 
tion, especially  those  who  have  travelled  abroad  where  ceiling 
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architecture  and  decoration  is  so  prevelant,  will  appreciate  the 
handicaps  under  which  the  architect  and  artist  of  years  gone  by 
labored  in  having  the  evidence  of  their  genius  properly  displayed. 
A  very  important  feature  of  the  Great  Hall,  is  the  counter 
over  which  the  business  is  transacted.     It  runs  down  the  hall  on 
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Fig.    7. — A   drawing   of   the   special   table   lamp   used   to   illuminate   the   Great    Hall   of 
Cunard    Building. 

each  side  in  straight  lines,  unbroken  except  beneath  the  central 
dome.  Upon  the  dark  cork  top  of  the  counter  are  mounted  special 
lamps  that  supply  the  principal  general  illumination  for  the  Great 
Hall.  The  thirty  counter  portable  lamps  each  contain  a  silvered 
reflector  of  tlie  concentrating  type  supported  by  special  holder 
and  for  use  with  200- watt  type  C  lamp  (See  Fig.  7).  This 
reflector  unit  supplies  the  upward  component  of  the  illumination. 
Each  lamp  also  contains  four  silvered  reflectors  designed  for 
40-watt  lamps  and  tilted  at  an  angle  for  the  lighting  of  the  counter 
area  upon  which  maps  and  deck  diagrams  are  spread  out  between 
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the  standards.  The  shade  of  the  portable  lamp  is  opaque.  A  diffus- 
ing glass  top  is  mounted  over  the  indirect  lighting  reflector  unit. 
Supplementing  the  upward  illumination  delivered  by  the 
counter  lamps  are  sixty  cove  lighting  units  each  with  lOO-watt 
type  C  lamp  and  installed  in  the  cornice  at  the  base  of  the  ceiling 
dome.  The  total  power  consumption  for  the  general  illumination 
is  12,000  watts.  The  dimensions  of  the  Great  Hall  are  78  ft. 
wide,  183  ft.  long,  ceiling  height  65  ft.,  floor  area  14,274  sq.  ft, 
watts  per  square  foot  0.84.  This  may  seem  an  extremely  low 
power  consumption  especially  to  advocates  of  high  intensities,  but 
results  show  that  for  interiors  of  this  character  it  is  sufficient. 

FIELD  MUSEUM. 

The  Field  Museum  of  Natural  History  in  Chicago  was 
established  in  1893,  at  the  close  of  the  World's  Columbian  Expo- 
sition. The  founding  of  a  scientific  institution  of  this  character 
was  made  possible  by  a  gift  of  one  million  dollars  by  Mr.  Marshall 
Field,  whose  name  the  institution  bears  and  who  at  the  time  of 
his  death  bequeathed  a  further  sum  of  eight  million  dollars  of 
which  half  was  designated  to  be  used  for  the  erecti'on  of  a  build- 
ing, and  the  remainder  as  an  endowment  fund.  The  institution 
has  been  recently  removed  from  its  temporary  home  in  Jackson 
Park  where  it  has  been  occupying  the  old  Fine  Arts  Building  of 
the  World's  Columbian  Exposition,  to  Grant  Park  at  the  foot  of 
Roosevelt  Road  on  the  Lake  front  of  the  downtown  business 
section. 

The  building  now  occupied  is  350  ft.  wide  and  700  ft.  long. 
Two  of  the  four  floors  are  devoted  to  exhibition  purposes,  while 
the  ground  and  third  floors  are  used  as  working  spaces  for  the 
scientific  and  maintenance  staff.  The  main  central  area  of  the 
building  known  as  Stanley  Field  Hall,  rises  to  the  entire  height 
of  the  building.  The  remainder  of  the  structure  is  divided  into 
floors.  The  exterior  of  Georgia  white  marble  is  80  ft.  in  height 
and  treated  in  monumental  Greek  architecture  of  the  Ionic  order. 
The  principal  facades  are  divided  into  a  large  central  pavilion 
with  two  long  wings  terminated  by  a  smaller  pavilion  at  each  end. 
The  architects  of  this  structure,  Graham,  Anderson,  Probst  and 
White,  have  given  to  the  City  of  Chicago  and  the  country  a 
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Fig.  S.— View   of   Great    Hall    Cuiinrd  Building.  New  York  City,  showing  cfftct  of  illu- 
minatiun  by  special  indirect  lighting  counter  lamp-^. 


Fig.  9. — View  of  George  M.  Pullman  Hall,  Field  Museum. 
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Fig.   10. — The  President's  office,  Detroit  Edison  Co. 
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masterpiece    of    monumental    building    havin^j    distinction    and 
dignity  commensurate  with  its  purpose  and  origin. 

There  are  many  museums  containing  exhibits  of  the  world's 
rarest  treasures  secured  after  many  years  of  travel  and  research 
which  fonnerly  failed  to  receive  the  interest  and  support  of  the 
public,  partially  because  of  the  inadequacy  of  the  lighting  provided 
in  the  exhibition  halls.  Because  of  the  nature  and  distribution  of 
displays  the  lighting  requirements  in  a  building  such  as  the  Field 
Museum  are  ver^-^  different  from  those  in  an  art  galler}-  where  the 
light  is  usually  concentrated  upon  the  wall  areas.  The  adoption 
of  totally  indirect  lighting  is  somewhat  of  a  departure  from  the 
usual  method  of  lighting  a  building  of  this  character,  and  proves 
to  be  particularly  desirable  for  several  reasons. 

(a)  Reflections  from  the  large  number  of  glass  surfaces 
that  ordinarily  reflect  bright  light  points  to  the  observers  eye,  are 
minimized. 

(b)  The  displays  are  viewed  from  all  angles,  hence  a  sky- 
light effect  is  desired  when  artificial  illumination  is  required. 

(c)  The  quality  and  restfulness  of  the  illumination  pro- 
vides eye  comfoit  for  the  public  in  constant  concentrated  observ'a- 
tion.  A  protracted  review  of  exhibits  in  a  museum  of  this  nature 
is  physically  tiring  and  the  removal  of  eye  strain  is  desirable. 

(d)  The  diffusing  lighting  system  assists  in  fullfiling  the 
desire  of  the  architect  to  obtain  a  visual  effect  of  spaciousness  in 
the  interior. 

The  architects  and  Board  of  Directors  of  this  museum  of 
which  Mr.  Stanley  Field  is  president,  having  in  mind  the  above 
essential  points,  before  coming  to  a  decision,  installed  for  practical 
working  tests,  in  one  hall  of  the  new  museum  itself,  examples  of 
all  four  types  of  lighting  units  as  recognized  by  the  Illuminating 
Engineering  Society,  that  is  direct  lighting,  semi-indirect,  lumi- 
nous-bowl and  indirect  lighting  fixtures. 

The  type  of  fixtures  adopted  for  the  principal  exhibit  halls, 
as  seen  in  Fig  O,  is  a  simple  shallow  metal  bowl  totally  indirect 
unit  equipped  with  silvered  reflector  designed  for  500-watt  lamp 
hanging  in  a  pendant  tip-down  position.  The  fixture  bowl  is 
suspended  on  the  average  of  60  in.  from  the  ceiling.  The  lighting 
fixture  is  finished  in  a  washable  cream  which  blends  into  the 
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ceiling  coloring.  The  plan  of  the  first  floor  as  shown  in  Fig.  11, 
and  the  second  floor  (Fig,  12)  will  give  an  index  of  the  arrange- 
ment of  exhibition  halls  and  also  show  the  location  of  the  indirect 
lighting  units  as  installed  in  the  building.  In  a  typical  area  such 
as  to  be  found  in  Sturges  Hall  on  the  first  floor,  each  lighting  unit 
takes  care  of  an  area  of  21  by  28  ft.  In  a  typical  area  such  as 
found  in  Pullman  Hall,  each  lighting  unit  provides  illumination 
for  an  area  of  28  by  30  ft.  Since  this  hall  and  Ayer  Hall  are 
adjacent  to  the  Stanley  Field  Hall,  they  also  receive  illumination 
from  the  units  installed  in  the  latter  space.  The  ceiling  height  of 
the  first  floor  is  21  ft.  6  in.  and  the  second  floor,  18  ft.  6  in. 

DETROIT  EDISON  COMPANY. 

The  general  public  looks  to  the  central  station  company  in 
any  community  to  set  the  standard  of  illumination  practice.  The 
methods,  therefore,  that  are  employed  by  the  central  station  in 
the  lighting  of  its  own  buildings  have  an  important  effect  on  the 
use  of  artificial  lighting  by  its  customers.  The  officials  of  the 
Detroit  Edison  Company  had  this  point  in  mind  in  selecting  the 
system  that  is  now  in  use  in  their  new  office  building.  There  were 
other  points,  however,  that  were  given  careful  consideration  in 
selecting  equipment.  It  was  desired  that  the  method  finally 
adopted  should  be  characterized  by  an  absence  of  glare  that  might 
cause  eye  strain, — that  a  uniform  illumination  should  result  in  all 
parts  of  the  oflice  space, — that  the  fixtures  when  installed  should 
present  a  cheerful  and  pleasing  effect  and  that  the  lighting  equip- 
ment should  be  of  a  type  that  could  be  easily  maintained. 

It  will  be  noted  in  the  description  that  follows  that  the 
intensity  of  illumination  employed  throughout  the  entire  building 
is  of  a  higher  value  than  is  ordinarily  to  be  found  in  an  installation 
of  this  character.  In  this  respect,  the  Detroit  Edison  Company  is 
carrying  out  one  of  the  tendencies  in  the  development  of  the 
lighting  art.  The  trend  is  toward  the  use  of  higher  intensities 
in  the  use  of  artificial  illumination.  Where  2.0  or  3.0  ft-c.  was 
considered  sufficient  a  few  years  ago  for  office  lighting,  we  now 
think  of  6.0  or  8.0  and  in  some  cases  lo.o  ft-c.  as  being  the 
desirable  intensity.  Higher  intensities  in  lighting  have  been  found 
to  improve  greatly  the  production  in  the  industries,  to  aid  the 
merchant  in  making  quicker  sales  of  merchandise  and  to  stimulate 
the  efforts  of  office  employees. 
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One  of  the  next  steps  in  illumination  practice  is,  therefore, 
the  building  up  of  intensities  for  practically  ever>'  requirement. 
When  we  consider  that  with  daylight  we  receive  from  50  to  100 
ft-c.  it  becomes  apparent  that  artificial  lighting  intensities  arc 
still  comparatively  low.  It  is  not  in  the  least  fanciful,  then,  to 
expect  artificial  lighting  in  a  few  years  to  be  on  what  we  now 
consider  a  very  high  plane  of  intensity.  In  the  use  of  high 
intensities,  it  will  of  course,  be  necessary  to  diffuse  the  light  and 
protect  the  eye  from  the  harmful  glare  of  the  light  source. 

Before  making  the  final  selection  of  the  lighting  system  that 
was  eventually  adopted  the  Detroit  Edison  Company  made 
representative  installations  of  direct,  semi  direct  and  indirect 
lighting.  The  units  were  installed  in  typical  areas  where  the  room 
dimensions,  decorations  and  furnishings  were  similar  to  those  in 
the  new  building  that  was  then  under  construction.  Witli  the 
various  types  of  units  thus  installed,  an  opportunity  was  afforded 
to  study : — 

(a)  The  cost  of  operation,  (b)  the  cost  of  maintenance, 
(c)  depreciation,  (d)  intensity  of  light  delivered,  (e)  glare  effects 
and  the  seeing  efficiency  for  each  type. 

For  the  various  types  of  lighting  units  tested,  there  was  not 
a  great  difference  in  the  average  intensity  of  light  delivered.  A 
value  of  lo.o  ft-c.  had  been  previously  determined  upon  as  the 
minimum  average  intensity  desired.  It  was  found  that  this  aver- 
age intensity  was  exceeded  by  several  of  the  units,  especially  when 
200-watt  lamps  were  used  in  each  outlet.  Some  of  the  better 
styles  of  direct  lighting  units  gave  about  15  per  cent  higher 
average  readings  than  the  semi-indirect  and  totally  indirect 
luminous-bowl  units,  while  some  of  the  dense  direct  lighting  units 
gave  a  lower  average  intensity  than  the  indirect.  As  a  result  of 
the  test  thus  made,  200-watt  lamps  were  selected  for  the  general 
office  illumination,  and  300-watt  lamps  for  each  outlet  in  the 
drafting  room. 

It  was  found  that  uniformity  of  diffusion  of  light  was  a  far 
greater  variable  than  the  average  intensity  obtained  from  the 
various  t>'pes  of  units.  This  factor  ranged  from  20  per  cent 
variation  for  the  totally  indirect  system  to  100  per  cent  for  some 
of  the  direct  lighting  types.     It  was  considered  important  in  this 
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installation  that  the  maximum  uniformity  of  illumination  be 
obtained  inasmuch  as  the  outlets  were  located  irrespective  of  the 
location  of  partitions  and  office  furniture. 

In  getting  at  the  cost  of  maintenance,  a  careful  check  was 
made  of  the  time  required  to  clean  the  various  types  of  lighting 
units.  One  of  the  operations  consisted  in  noting  the  number  of 
parts  that  were  necessary  to  remove  in  order  properly  to  clean  the 
glassware  of  the  fixture  and  replace  the  lamps.  Note  was  also 
made  of  the  liability  of  breakage  in  the  cleaning  and  relamping  of 
the  fixture.  The  three  principal  factors  which  cause  depreciation 
and  result  in  a  loss  of  illumination  intensity  will  bear  repeating — 
dust  collection  on  the  lamp  and  accessories,  the  soiling  of  the 
ceilings  and  walls,  and  the  ageing  of  the  lamps. 

The  relationship  between  time  for  cleaning  periods  in  weeks 
and  the  percentage  of  original  efficiency  of  the  lighting  system, 
has  often  been  shown.  Tests  indicate  that  a  decrease  in  lighting 
efficiency  of  approximately  lo  per  cent  a  month  results  from 
accumulation  of  dust  and  dirt  on  the  lighting  equipment.  If 
lamps  and  fixtures  are  cleaned  regularly,  every  two  months,  one 
may  expect  an  average  of  illumination  throughout  the  year  to  be 
at  least  80  per  cent  of  that  received  when  all  of  the  equipment  is 
clean. 

To  insure  proper  maintenance  the  Detroit  Edison  Company 
employs  a  competent  man  under  the  direction  of  the  chief  janitor 
to  carry  on  the  work  of  cleaning  and  relamping  of  fixtures.  This 
man  devotes  his  entire  time  to  maintenance,  and  since  there  are 
about  2,500  fixtures  in  the  installation,  each  lighting  unit  is 
thoroughly  cleaned  every  four  weeks. 

The  totally  indirect  system  was  adopted  by  the  building 
committee,  using  fixtures  of  the  types  shown  in  Fig.  13.  For 
the  corridors,  toilets,  etc.,  direct  lighting  units  were  selected.  In 
the  main  entrance  lobby,  three  ornamental  iron  ceiling  fixtures 
were  installed.  These  fixtures  were  equipped  with  bare  lamps 
tinted  to  a  warm  yellow  color. 

One  of  the  styles  of  lighting  fixture  consists  of  a  solid  metal 
opaque  unit  of  shallow  design  containing  silvered  reflector  equip- 
ment, with  lamps  operating  in  a  horizontal  position.  The  applica- 
tion of  this  fixture  can  be  seen  in  the  illustration  of  the  President's 
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office,  Fig.  10.  What  is  known  as  the  "luminous  bowl"  indirect 
lighting  fixture  is  used  throughout  the  office  and  drafting  room 
space.  The  illustrations  of  the  general  office  space,  Fig.  14,  give 
a  clear  idea  of  the  appearance  of  the  indirect  fixture  with  a  plain 
glass  bowl.  This  bowl  also  contains  a  silvered  reflector  designed 
for  indirect  lighting  and  having  a  diflFusing  cup  which  illuminates 
the  enclosing  bowl  to  the  proper  brightness.  It  will  be  noted  that 
the  diameter  of  the  reflector  is  the  same  as  that  of  the  bowl 
opening.  Because  of  the  fact  that  two  pieces  of  glass  fit  together 
at  this  point  accumulation  of  dust  inside  the  fixture  bowl  is 
prevented  to  a  large  extent. 

Another  style  of  fixture  of  the  luminous  bowl  type  is  used 
in  the  drafting  room.  Fig.  15  and  in  the  private  offices.  Fig.  16. 
This  fixture  has  a  special  feature  which  simplifies  its  maintenance. 
See  Fig.  13.  A  dust  ring  or  cover  fills  up  the  space  inter- 
vening between  the  reflector  and  the  outer  edge  of  the  bowl 
and  prevents  dirt  from  settling  into  the  glass  container  of  the 
reflector  equipment,  and  at  the  same  time  affords  a  means  of 
support  for  the  silvered  reflector.  A  fixture  of  this  type  is  cleaned 
with  little  effort,  since  there  are  no  parts  to  be  removed  in  the 
usual  maintenance  operation. 

A  point  of  interest,  and  one  which  has  an  important  bearing 
on  the  lighting  results,  is  the  care  with  which  the  finishes  were 
selected  for  the  ceilings  and  walls.  Several  of  the  most  suitable 
paints  for  this  purpose  were  applied  to  wall  surfaces  and  sub- 
jected to  severe  tests — such  as  fire  and  washing  compounds.  The 
paints  tested  varied  greatly  as  to  their  permanency.  The  one 
finally  adopted  is  known  as  BB  standard  semi-gloss  wall  paint 
with  carbon  gray  and  ocre.  A  test  of  the  reflection  co-efficient 
of  this  paint  indicated  a  value  of  48  per  cent.  In  some  of  the 
private  offices,  ceilings  are  painted  with  zinc  and  oil  stipled  and 
of  a  light  cream  color.  Other  ceilings  are  unpainted,  and  have 
been  given  a  smooth  flat  white  putty  coat  plaster  finish. 

Foot-candle  readings  taken  three  months  after  the  installation 
was  put  into  service  show  the  average  lighting  intensities  to  be 
as  follows :  Typical  office  space,  10.2  ft-c. ;  drafting  room  18.7 
ft-c. ;  corridors  0.9  ft-c;  and  president's  office  11.3  ft-c.  The 
uniformity  of  the  illumination  is  shown  in  accompanying  chart, 
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Fig.    i^. — Illumination    of    typical    general    office    space,    Detroit    liili-uu    (.  rjnipai^.y. 


Fig.    15. — Portion  of  one  of  the  drafting  rooms,  Detroit  Kuison  >.ompany. 


Fig.    1 6. — Typical  private   office,   Detroit  Edison   Company. 


Fig.  17. — Main  banking  room — Cosmopolitan  State  Bank — Chicago,  111.,  showing 
effect  of  illumination  delivered  from  indirect  lighting  units  in  the  top  of  bank 
screen. 
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Fig.  i8.  Conditions  uiulcr  which  the  iUuniination  tests  were  made 
to  show  the  uniformity  are  as  follows:  Outlet  spacings  are  9  ft. 
4  in.  by  8  ft.  9  in.;  ceiling  heights  are  10  ft.  10  in.;  suspension 
distance  from  top  of  reflector  to  ceiling  2  ft.  6  in.  One  200-watt 
lamp  is  used  per  fixture  in  the  office  space  and  one  3cx>watt  lamp 
per  outlet  in  the  drafting  rooms. 

COSMOPOUTAN   STATE  BANK. 

The  unusual  features  in  connection  with  the  lighting  of  this 


» 

-' 

"1 

"^ 

— 

"~ 

^ 

— 

— 

r 

n 

~ 

~ 

n 

— ' 

" 

~^ 

~ 

"" 

~^ 

' 

■" 

, 

.- 

.- 

., 

,' 

■ 

■'■* 

' 

1 

* 

'' 

. 

" 

u» 

*■• 

-. 

d 

t— 1 

r- 

-H 

k. 

' 

*. 

Ml 

§ 

3 

1 

_ 

~r- 

_ 

._ 

_ 

^_ 

_ 

_ 

_ 

_ 

_ 

.. 

- 

'-^ 

■■ 

- 

I 

'^ 

"■ 

1 

1 

iJOj 

M* 

L 

m 

_, 

MTMI^V  40JiCt 

wr 

M 

Tt 

n 

» 

mI 

Vr 

!0 

LiJ 

e- 

M 

M 

m 

<»i 

t 

1 

1  I 

1 

1 

1  1 

_ 

-t 

L. 

_i 

•f 

^ 

!  1 

1 

' 

-i 

u 

M 

, 

t    Ul 

our  AMCC    tcr-ctit    oi/TLtm  in  rctr 
Fig.   18. — Chart  showing  the  uniformity  of  illumination  delivered  by  indirect  lighting 
fixtures   in    Detroit    Edison   Co.    Building. 

bank  interior  is  the  practical  elimination  of  hanging  fixtures. 
(See  Fig.  17.)  By  combining  the  artificial  skylight  scheme  with 
that  of  placing  indirect  lighting  reflector  units  in  the  top  of  the 
bank  screen,  a  very  harmonious  lighting  result  has  been  ac- 
complished. 

Effective  lighting  is  one  of  the  greatest  factors  in  emphasizing 
the  bank's  individuality.  In  a  case  of  this  kind,  the  lighting 
scheme  not  only  provides  illumination  of  the  proper  quality  for 
the  public  space  of  the  bank,  correct  intensity  for  the  working 
area,  but  also  brings  out  the  architectural  beauties  of  the  interior. 

It  will  be  noted  from  the  diagram  in  Fig.  21  that  the  reflector 
units  are  placed  in  a  continuous  row  in  the  top  of  the  bank 
partition,  thus  entirely  concealing  from  view  all  the  lamps  and 
accessories.     The  total  area  of  the  banking  room  is  4,876  sq.  ft. ; 
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ceilinjj  height  33  ft.  The  hj^hting  etiui|)mcnt  in  the  top  of  the 
bank  cage  partitions  consists  of  130  silvered  reflectors  with  75- 
watt  lamps  spaced  12  in.  apart.  Over  the  ceiling  window  135 
silvered  reflectors  with  lOO-watt  lamps  arc  suspended  4  ft.  above 
the  glass.  All  units  are  wired  on  two  circuits  for  flexibility. 
The  office  spaces  of  the  bank  are  lighted  with  totally  indirect 
fixtures.     (See  Figs.  19  and  20.) 

BtfLLCT0l5  N0.t40 

RtfLlCTORMOLOtt/    ^75  WATT  C  UMP 


Fig.  21. — Section  of  the  bank  screen  containing  indirect  lighting  reflectors. 

The  rapid  advance  in  the  applied  art  of  illumination  retarded 
by  the  World's  War,  is  again  under  way.  It  is  obvious  that 
in  a  short  paper  of  this  nature,  it  is  impossible  to  mention 
the  recent  unusual  departures  in  lighting  of  such  interiors  as 
churches,  theatres,  hotels,  governmental  buildings,  lodge  halls, 
etc.  that  will  have  an  important  influence  on  the  future  practice. 

It  is,  of  course,  only  by  proper  co-ordination  of  the  effects  of 
those  engaged  in  the  art,  science  and  practice  of  illumination,  that 
most  rapid  and  permanent  advancement  is  possible  and  that  the 
greatest  good  will  result  in  providing  the  so  called  civilized  users 
of  artificial  light  a  greater  eye  comfort  and  better  living  conditions. 
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DISCUSSION 

The  papers,  by  Messrs.  Powell  and  Parker,  and  Messrs.  Cur- 
tis and  Stair  were  discussed  together. 

S.  G.  HiBBEN :  It  occurs  to  me  that  of  all  the  public  ser- 
vants, Caucasian  or  Ethiopian,  those  most  conspicious  by  their  ab- 
sence are  the  Gold  Dust  Twins.  In  no  place  is  cleaning  more 
necessary  than  in  the  public  buildings,  and  this  applies  equally  to 
our  homes  and  residences,  so  I  hope  the  ladies  present  will  take 
this  to  heart. 

Lighting  fixtures,  particularly  of  the  inverted  bowl  types,  are 
neglected  either  through  a  fear  (growing  out  of  ignorance)  of 
touching  things  electrical  or  from  pure  negligence,  until  the  light- 
ing is  condemned  and  people  coming  into  the  home  or  the  store 
comment  upon  the  unsightly  or  gloomy  appearance.  Cleaning  is 
certainly  important. 

Cleaning  glassware  is  a  simple  matter,  but  it  has  not  received 
enough  publicity.  We  have  methods  of  cleaning  glassware  which 
everybody  ought  to  study.  In  general  we  can  remove  the  dirt 
with  ordinary  soap  and  water.  Sometimes,  in  case  of  metal  reflec- 
tors and  units  exposed  to  sulphurous  acids,  cleaning  requires  some 
acids,  and  we  know  that  ordinary  crystal  glassware  can  be  better 
cleaned  by  dilute  acid,  such  as  a  one  or  two  per  cent  solution  of 
nitric  acid.  I  would  like  the  ladies'  attention  called  to  the  fact 
that  ordinary  soap  solution,  when  cleaning  lighting  fixtures,  ought 
to  be  removed.  One  of  our  greatest  faults  in  cleaning  equipment 
is  merely  to  wash  with  soap,  and  leave  an  almost  infinitesimally 
thin  soap  solution  on  the  fixture  to  which  film  the  next  cloud  of 
dust  adheres.  We  ought  to  wipe  lighting  fixtures,  either  metal  or 
glass,  with  paper  towels,  tissue  paper,  etc.,  and  not  with  a  greasy 
rag. 

We  can  clean  paints  also  and  in  cleaning  paints,  the  question 
of  the  light  color  of  interior  finishes  has  a  tremendous  importance. 
I  want  to  call  attention  10  something  in  this  connection,  namely 
that  when  we  can  increase  the  reflecting  value  of  any  surface  by 
a  small  percentage,  the  effect  upon  illumination  is  tremendous. 

Suppose  we  have  a  room  in  which  a  lighting  fixture  will  pro- 
duce a  certain  amount  of  illumination   on   the   working   surface. 
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\Vt*  find  that  the  illumination   will   be   increased   by   an   amount 

which  can  be  expressed    by    the    formula =t»  where  K  is  the 

coefficient  of  light  reflection. 

Now,  suppose  in  our  home  we  have  a  surface  of  color  of 
medium  yellow.  It  may  reflect  fifty  per  cent  of  the  light  that 
strikes  it.  Then  the  cumulative  effect  of  the  surroundings,  if  K 
equals  fifty  per  cent,  will  be  one  over  one  minus  five-tenths,  or  a 
factor  of  two.  In  other  words,  the  useful  illumination  may  be 
twice  that  which  may  be  received  from  only  the  fixture  itself. 

We  may  wash  this  surface  and  increase  the  light-reflecting 
value  of  that  same  surface  to  a  factor  of  eighty  per  cent,  whivh 
is  not  unusual.  Then,  one  over  one  minus  eight-tenths  becomes 
five.  In  other  words,  when  we  had  double  the  illumination  with 
the  dirty  interior,  we  will  have  five  times  the  illumination  with  the 
clean  interior.     The  cleaning  of  all  surfaces  is  important. 

Put  a  mirror  on  a  pole  to  look  into  the  top  of  an  indirect  or 
opaque  unit,  wool  gloves  provided  for  the  janitor  to  use,  holes  in 
the  bottom  of  the  globes  in  which  the  maintenance  man  places  a 
finger, — all  those  little  items  of  cleaning  we  ought  to  consider  in 
getting  our  efficiency  up  to  the  utmost  point.  I  have  said  before, 
and  I  wish  to  reiterate  now, — in  maintaining  lighting  installations 
of  all  kinds,  water  is  cheaper  than  watts. 

E.  L.  EivLioTT :  While  I  have  not  yet  had  an  opportunity  of 
personally  inspecting  the  general  offices  of  the  Cunard  Building,  I 
can  see  from  the  views  that  Mr.  Curtis  has  shown  that  the  illumi- 
nation is  a  magnificent  example  of  what  can  be  obtained  by  the 
application  of  illuminating  engineering  principles  when  excellence 
of  lighting  results,  and  not  the  necessity  of  hanging  up  a  mass  of 
art  metal,  is  the  object  sought.  I  can  conceive  of  no  more  perfect 
specimen  of  interior  lighting  than  that  shown  by  Mr.  Curtis  to-day. 

Mr.  Goodwin  pleads  for  a  greater  use  of  illuminating  en- 
gineering principles  by  the  fixture  makers  and  dealers.  Mr.  Cur- 
tis has  shown  us  how  the  finest  results  can  be  obtained  without  the 
use  of  any  "fixtures,"  in  the  commercial  sense  of  the  term,  at  all. 
Here  is  a  flat  contradiction  of  interests ;  how  is  it  to  be  reconciled  ? 
I  have  watched  the  efforts  of  Mr.  Curtis  from  the  beginning,  and 
I  know  that  he.  has  met  with  the  most  strenuous  opposition  from 
the  fixture  interests,  and  not  infrequently  from  the  e.xponents  of 
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illuminating  engineering.  The  simple,  cold  fact  is,  that  "business 
is  business,"  and  the  fixture  makers  profits  depend  upon  how 
much,  and  how  expensive  art  metal  and  glassware  he  can  install, 
and  not  upon  the  excellence  of  results  in  illumination  which  they 
produce.  From  the  illuminating  engineering  view  point  the  best 
results  are  obtainable  without  the  use  of  any  visible  fixtures  what- 
ever. 

W.  Iv.  Goodwin  :  The  National  X-Ray  Reflector  Company 
has  adopted  a  sales  policy  which  induces  jobbers,  dealers  and  con- 
tractors to  aggressively  promote  the  sale  of  their  product.  In 
other  words,  there  is  a  profit  on  product  for  the  Company  which 
contributes  to  sales  promotion  or  merchandise  distribution.  In 
other  words  the  Company  is  not  compelled  to  meet  sales  resistance 
as  a  result  of  improper  sales  policies. 

C.  M.  Masson  :  I  wish  to  ask  Mr.  Curtis  a  question.  In  the 
installation  in  the  Cunard  Building  you  said  that  there  is  an  aver- 
age consumption  of  eight-tenths  watts  per  square  foot,  and  that 
everybody  on  the  job  agreed  that  is  sufficient.  Now  I  want  to 
ask  if,  after  allowing  for  deterioration  and  dust  accumulation,  do 
they  think  the  illumination  will  still  be  satisfactory  ? 

A.  D.  Curtis:  I  think  it  will  stand  a  slight  decrease  in  il- 
lumination and  still  be  perfectly  satisfactory,  but  with  a  mainten- 
ance of  lamps  and  cleaning  of  fixtures  it  is  believed  to  be  sufficient 
by  the  engineer. 

E.  A.  Anderson  :  As  Mr.  Powell  has  indicated,  there  is  cer- 
tainly an  important  opportunity  for  better  practice  in  court  rooms 
both  with  regard  to  the  artificial  lighting  and  natural  lighting  as 
well.  In  so  many  cases  the  court  room  is  arranged  so  that  the 
jury  must  face  the  windows  and  in  consequence,  while  the  faces 
of  jury  men  are  very  well  lighted,  the  features  of  the  attorney 
who  is  talking  to  the  jury  are  left  in  darkness.  This  is  also  very 
likely  to  be  the  case  with  the  witness  on  the  stand.  A  reverse  ar- 
rangement would  not  only  enable  the  jurors  to  judge  the  facial 
expressions  of  the  attorney  and  particularly  the  witness,  but 
furthermore,  the  eye  strain  which  now  comes  from  the  constant 
presence  of  the  windows  in  the  field  of  view  would  be  relieved  and 
a  higher  degree  of  interest  and  attention  on  the  part  of  the  jurors 
might  be  anticipated. 
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If  for  architectural  reasons  a  change  of  the  arrangement  of 
the  room  is  not  practical  it  would  be  better  if  the  lower  sections 
of  the  window  at  least,  were  fully  shaded  to  a  height  of  eight  or 
ten  feet  above  the  floor  or  in  some  cases  it  might  really  be  better 
to  omit  the  daylight  entirely  and  depend  upon  a  properly  arranged 
artificial  lighting  system  designed  to  provide  efficient  lighting. 
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COMMENTS  ON  HETEROCHROMATIC  PHOTOMETRY 

AND  THE  THEORY  AND  OPERATION  OF  THE 

FLICKER  PHOTOMETER 

BY  A.  H.  TAYLOR** 

Heterochromatic  photometry  and  the  theory  and  appHcation 
of  the  flicker  photometer  have  been  extensively  discussed  in  the 
scientific  literature,  several  important  papers  having  been  presented 
before  this  Society.  It  is  not  the  purpose  of  this  paper  to  make 
a  complete  survey  or  review  of  the  literature  on  the  subject,  but 
only  such  parts  of  it  as  bear  more  directly  upon  a  particular  de- 
velopment of  the  theory  of  the  flicker  photometer.  This  develop- 
ment, which  apparently  has  not  previously  been  published,  is  sup^ 
ported  by  published  experimental  evidence  which  will  be  cited. 
The  paper  also  suggests  some  lines  along  which  further  research 
in  heterochromatic  photometry  should  proceed,  and  gives  practi- 
cal suggestions  regarding  the  operation  of  flicker  photometers. 

In  photometry  two  factors  are  encountered,  namely,  color  and 
intensity.  In  most  precision  measurements  an  effort  is  made  to 
eliminate  the  color  difference  of  the  lights  compared,  so  as  to  con- 
fine the  measurements  to  comparisons  of  the  relative  intensities  of 
two  lights  of  the  same  color.  Many  occasions  arise  where  the 
color  difference  must  be  met,  however,  and  the  difficulties  of 
accurate  measurement  increase  very  rapidly  as  the  color  difference 
increases.  Some  eminent  scientists  have  said  that  there  is  no  such 
thing  as  an  equality  of  brightness  of  lights  of  different  colors. 
Trotter^  expresses  the  matter  thus:  "No  assignable  quantity  of 
oranges  can  be  said  to  be  equal  to  or  identical  with  a  score  of 
herrings,  and  a  quantity  of  red  light  cannot  be  adjusted  to 
produce  on  a  white  screen  an  illumination  identical  with  that  pro- 
duced by  a  green  light." 

*A  paper  presented  at  the  annual  convention  of  the  Illuminating  Engineering 
Society,  Rochester,  N.  Y. ,  September  26-29,  1921. 

**I<aboratory  of  Applied  Science,  Nela  Research  I,aboratories,  Nela  Park,  Cleve- 
land, O. 

'Illumination,  Its  Distribution  and  Measurement,  A.  P.  Trotter,  p.  163. 


COMMENTS  ON   FLICKER   PHOTOMETRY  575 

These  statements  are  undoubtedly  true,  nevertheless  various 
articles  of  food  can  be  compared  on  the  basis  of  one  common 
characteristic,  z'is.,  heat  value,  and  in  like  manner  differently  col- 
ored lights  can  be  compared  on  the  basis  of  brightness,  even  though 
this  comparison  may  be  very  difficult.  Needless  to  say,  photo- 
metricians  are  not  absolved  from  the  necessity  of  making  bright- 
ness comparisons  of  differently  colored  lights  because  of  the  diffi- 
culty encountered  or  the  non-existence  of  an  equality  of  bright- 
ness, but  are  daily  called  upon  to  make  such  measurements. 

It  is  possible  so  to  adjust  red  and  green  lights,  for  example, 
that  when  compared  with  a  photometer  the  stimulus  due  to  the  red 
is  undoubtedly  greater  than  that  due  to  the  green,  or  vice  versa. 
Evidently  there  is  some  point  between  the  extremes  where 
the  two  lights  stimulate  the  retina  to  an  equal  amount,  though  the 
color  difference  is  still  present.  Hence  at  some  position  between 
two  such  lights  there  must  be  a  point  of  equality  of  brightness, 
where  we  define  the  brightness  of  the  photometer  screen  as  the 
product  of  the  density  of  reflected  light  flux  and  a  stimulus  coeffi- 
cient, the  latter  depending  on  several  factors  such  as  size  of  field, 
characteristics  of  the  eye  used,  spectral  distribution  of  the  light, 
intensity  of  illumination,  etc.  In  other  words,  colored  surfaces 
have  at  least  a  brightness- factor  in  common.  Additional  evidence 
of  this  is  seen  in  the  fact  that  red,  green  and  blue  lights  can  be 
added  in  such  proportions  that  they  will  produce  the  same  color 
and  brightness  sensation  as  white  light,  which  is  different  from 
each  individually.  Unless  the  existence  of  a  brightness- factor 
with  colored  lights  is  conceded,  it  is  useless  to  proceed,  since  this 
is  a  fundamental  assumption  in  consideration  of  this  subject. 

At  this  point  it  may  be  pertinent  to  consider  just  what  quality 
of  the  light  we  want  to  measure,  and  some  of  the  conditions  of 
measurement.  It  is  evident  that  what  we  want  to  measure  is  the 
degree  of  usefulness  of  the  light  in  mak-ing  things  visible.  Since 
the  uses  of  light  are  so  varied,  and  the  usefulness  depends  so 
much  on  the  size,  color,  etc.,  of  the  objects  illuminated,  it  is  neces- 
sary to  be  somewhat  arbitrary  in  choosing  our  conditions  and  to 
confine  our  measurements  to  the  quantity  of  light  necessary  to  pro- 
duce a  definite  brightness  under  definite  conditions  of  angle  of 
incidence,  size  of  field,  etc.  The  importance  of  this  will  be  em- 
phasized later. 
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Two  general  classes  of  photometers  are  used  in  heterochro- 
matic  photometry,  namely,  "direct  comparison"^  and  flicker.  The 
"direct  comparison"  photometers  consist  of  those  instruments  in 
which  the  two  lights  to  be  compared  are  viewed  side  by  side  in  one 
field.  This  field  may  have  any  one  of  a  number  of  forms,  as  fol- 
lows :  a  circle  bisected  into  two  fields ;  a  central  spot  and  surround- 
ing annular  ring;  the  Lummer-Brodhun  type,  in  which  each  half 
of  a  vertically  bisected  circle  contains  a  contrast  trapezoid,  etc. 
When  there  is  a  color  match  between  the  lights  being  measured, 
these  fields  are  easily  balanced,  since  all  except  the  Lummer-Brod- 
hun contrast  field  are  uniform  in  color  and  brightness  when  bal- 
anced, and  dividing  lines  between  different  parts  of  the  field  disapn 
pear.  (In  the  contrast  photometer  the  trapezoids  are  usually 
about  eight  per  cent  darker  than  the  surrounding  field  when  the 
photometer  is  balanced.)  When,  however,  there  is  an  appreciable 
color  difference,  it  is  impossible  to  balance  any  one  of  this  class 
of  photometers  and  be  certain  that  it  is  balanced  when  everything 
is  stationary,  since  the  field  is  no  longer  uniform  in  color,  and  the 
parts  illuminated  by  the  two  lights  are  distinctly  different  in  ap- 
pearance. The  difficulty  lies  in  the  fact  that  it  is  impossible  to 
subordinate  color  and  consider  the  brightness-factor  alone.  It  is 
my  experience,  and  that  of  many  with  whom  I  have  discussed  the 
matter,  that  in  this  case  the  balance  is  made  by  rapidly  varying  the 
intensity  on  each  side  of  the  balance  point,  by  shifting  either  the 
photometer  head  or  one  of  the  lamps,  and  then  trying  to  make 
the  balance  intermediate  between  the  two  points  where  It  is  just 
evident  that  the  photometer  is  unbalanced.  In  rapidly  varying 
the  illumination  in  this  manner  the  observer  sees  that  some  definite 
change  takes  place  at  some  point  of  the  oscillation,  though  it  is 
impossible  to  determine  exactly  where  it  occurs  if  the  color  dif- 
ference is  large.  An  experienced  observer  can  usually  make  a 
balance  fairly  quickly,  though  the  photometer  still  looks  unbal- 

^The  term  "direct  comparison"  has  been  quite  generally  used  to  describe  a 
certain  class  of  photometers  in  which  the  two  lights  are  viewed  simultaneously  in 
juxtaposed  fields,  as  differentiated  from  flicker  photometers.  It  is  difficult  to  see,  how- 
ever, why  one  method  is  any  more  direct  than  the  other,  as  might  be  inferred  from 
this  designation.  It  is  recommended  that  the  I.  E-  S.  Committee  on  Nomenclature 
and  Standards  consider  the  proper  term  to  be  used  to  designate  this  class  of  photo- 
meters. 
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anced  when  broiig^ht  to  rest,  and  it  can  be  moved  over  a  consider- 
able range  before  the  observer  is  certain  as  to  which  light  is 
brighter.  The  difficulty  of  the  operation  increases  more  rapidly 
than  the  color  difference  since  simultaneous  contrast  seems  to 
intensify  the  color  difference.  If  this  difference  is  very  large  an- 
other factor  becomes  apparent,  in  that  the  two  colored  fields  ap- 
pear to  be  in  different  planes^  and  there  appear  one  or  two  "ghost" 
dividing  lines. 

The  second  class  of  photometers  consists  of  flicker  instru- 
ments, of  which  many  forms  have  been  devised  or  improvised. 
By  some  means  or  other  they  usually  present  the  two  lights  alter- 
nately in  a  limited  area  in  one  field.  The  transition  from  one 
light  to  the  other  may  be  sudden  or  gradual,  depending  on  the  type 
of  instrument  used,  though  in  most  cases  one  field  comes  into  view 
as  the  other  passes  out,  and  a  single  color  is  in  the  field  alone  for 
only  a  very  small  part  of  the  time.  The  principal  exception  to 
this  type  of  flicker  photometer  is  the  Bechstein,  which  has  a  con- 
centric circular  field.  In  this  each  light  is  viewed  alternately  in 
the  central  spot  and  the  annular  ring. 
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Typ«  of  field  used  in  the  Kinsbury  photometer 

Apparently  one  of  the  best  types  of  flicker  photometer  pro- 
posed, one  which  embodies  all  the  good  points  of  the  other  designs 
and  few  if  any  of  their  faults,  is  that  proposed  by  Kingsbury*. 

'On    -Retinng'    and    'Advancing"    Colors,    by    M.    Ludticsh.    Amerxc^n    Joumml 
of  Psychology,  April,    1918,  p.    i8j. 

^Journal  of  the  Prankhm  Itutitute,   180,  p.  jis,  August.    1915. 
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The  field  of  this  instrument  as  finally  adopted  is  illustrated  in  the 
upper  left-hand  corner  of  the  accompanying  illustration.  The 
photometer  cube  is  divided  into  quadrants,  A  being  illuminated  by 
one  lamp  and  B  by  the  other.  The  field  of  view  is  a  2°  circle 
which  rotates  about  the  central  point  of  the  cube  as  shown.  For 
calculation  of  the  curve  shown  it  has  been  assumed  that  the  center 
of  the  2°  circle  was  displaced  1.75  times  the  radius  from  the  cen- 
ter of  the  photometer  cube.  This  field  is  surrounded  by  a  white 
disk  at  the  end  of  a  white  lined  tube  illuminated  by  a  small  lamp. 
In  eflfect  then  the  observer  sees  a  stationary  2°  circle  of  variable 
brightness  in  the  center  of  a  much  larger  illuminated  field  consist- 
ing mainly  of  the  white  lining  of  the  telescope  tube.  The  dividing 
line  between  the  two  colored  fields  passes  from  top  to  bottom,  left 
to  right,  bottom  to  top  and  right  to  left  during  one  complete  revo- 
lution of  the  optical  system.  This  appears  to  be  a  decided  ad- 
vantage over  a  field  in  which  the  dividing  line  always  travels  in 
the  same  direction.  In  operation  the  dividing  lines  of  the  cube 
are  placed  out  of  focus,  which  softens  the  transition  from  one  field 
to  the  other.  When  the  optical  parts  of  a  flicker  photometer  such  as 
this  are  set  in  motion  so  that  the  fields  are  alternated  faster  than, 
about  20  cycles  per  second,  it  is  possible  to  adjust  the  intensities  of 
the  two  lights  so  that  no  flicker  is  aparant.  If  the  intensity  of  one 
light  is  altered  by  moving  the  lamp  or  photometer,  a  flicker  will  be 
apparent  at  this  or  a  lower  speed,  but  the  color  will  appear  constant 
even  though  the  lights  being  photometered  are  of  different  colors. 
If  the  speed  is  still  further  reduced,  a  point  is  finally  reached 
where  the  colors  of  the  two  lights  are  apparent,  but  at  this  speed 
it  will  be  impossible  to  adjust  the  intensities  so  that  the  flicker  will 
disappear,  since  this  flicker  is  due  to  alternately  viewing  two  dif- 
ferently colored  lights  at  such  a  speed  that  both  colors  are  distinct. 
In  fact,  it  is  found  experimentally  that  the  minimum  speed  at 
which  the  flicker  can  be  made  to  disappear  is  always  appreciably 
higher  than  the  speed  at  which  the  field  appears  to  be  constant  in 
color.  In  operation  the  speed  should  be  so  adjusted  that  the 
flicker  disappears  over  a  very  narrow  range  of  brightness  differ- 
ence, or  even  so  that  it  does  not  entirely  disappear.  A  photo- 
metric balance  is  then  made  by  adjusting  the  photometer  or  lamps 
so  that  the  flicker  is  a  minimum  or  disappears  entirely. 
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THEORY  OF  THE  FLICKER  PHOTOMETER  AND 
EXPERIMENTAL  EVIDENCE  IN  SUPPORT  OF  IT 

Earlier  in  this  paper  was  emphasized  the  necessity  for  the 
assumption  that  a  condition  of  equal  illumination  by  two  differ- 
ently colored  lights  could  exist,  regardless  of  our  ability  to  deter- 
mine when  it  existed.  Consider  again  the  type*  of  ph(jtonieter 
field  shown  in  the  illustration,  where  the  center  of  the  observation 
field  is  displaced  from  the  center  of  the  photometer  cube  1.75 
times  the  radius  of  the  obsen-ation  field.  If  field  A  is  two  per 
cent  brighter  than  field  B,  there  will  be  a  pulsation  of  light  flux 
in  the  observation  field  as  shown  in  the  curve,  and  this  should 
cause  a  flicker  under  proper  conditions.**  Whether  a  pulsation  of 
this  nature  can  be  detected  will  depend  on  several  factors,  the  most 
important  being  the  speed  of  alternation  and  the  magnitude  of  the 
pulsation.  Since  ihe  speed  of  operation  is  above  that  at  which  the 
color  appears  to  be  constant  in  quality,  the  residual  flicker  appar- 
ently must  be  attributed  to  brightness  variations  alone. 

Let  us  analyze  the  phenomena  still  further,  and  examine  the 
experimental  evidence.  Broca  and  Sulzer=  and  Luckiesh"  have 
shown  that  visual  sensations  rise  and  decay  at  different  rates  for 
different  colors.  In  some  of  their  experiments  on  this  point,  how- 
ever, the  colored  lights  were  alternated  with  darkness,  whereas  in 
flicker  photometers  the  retina  is  continuously  stimulated-  If  the 
different  rates  of  growth  and  decay  had  any  effect  in  the  flicker 
photometer  as  used,  that  is,  if  the  results  of  the  tests  just  cited  ap- 
plied to  the  phenomena  occurring  there,  it  would  follow  that  the 
position  for  an  intensity  balance  obtained  by  this  photometer  would 
depend  the  speed  of  flicker.  For  example, comparing  red  and  green 
lights,  the  ratio  of  red  to  green  would  decrease  as  the  speed  in- 
creased, and  finally  reach  a  constant  value.  A  search  of  the  litera- 
ture has  failed  to  reveal  any  evidence  that  such  is  the  case.  The 
only  effect  of  speed  as  shown  experimentally  is  to  change  the  range 

•While  the  KinRsbury  flicker  photometer  has  been  refe.rcU  to  sixrcifically  Uje 
theor>-  developed  here  applies  equally  well  to  practicnlly  all  flicker  photometer*  with 
the  possible  exception  of  the  Bechstein  photometer  referred  to  above. 

••  The  idea  of  a  pulsating  light  flux  is  not  necessari'y  a  new  idea,  though  no  one  else 
appears  to  have  followed  the  idea  to  definite  ctnclusions  based  on  evidence  The  nearest 
approach  to  such  a  development  is  the  work  of  l^uckiesh*.  but  in  it  Uie  principle  consider- 
ation  was  the  effect  of  light  flux  w;ive  form  on  critical  frequency. 

*Comf'tes  Rendus,  1903,  p.  977,   1046. 

'Physical  Rciirw,  4,  p.   1,  July,   1914. 
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over  which  a  balance  can  be  obtained,  that  is,  increasing  the  speed 
reduces  the  sensitivity  but  does  not  alter  the  average  result.^  I 
have  recently  confirmed  this  result  by  measurement  of  a  carbon 
against  a  daylight  tungsten  lamp,  the  average  balance  point  being 
practically  identical  at  all  speeds. 

Dr.  E.  Karrer  and  I  have  recently  carried  out  another  test 
bearing  upon  this  point.     Two  lamps  were  color-matched,  using 
a  Lummer-Brodhun  contrast  type  photometer.     A  i86°  sectored 
disk  was  then  rotated  in  front  of  one  of  the  lamps  at  such  a  speed 
that  flicker  was  just  apparent,  and  a  set  of  photometric  observa- 
tions was  made.     Then  the  speed  of  the  disk  was  increased  to  a 
very  high  rate  and  another  set  of  readings  taken.  Similar  observa- 
tions were  made  at  high  and  low  intensities  with  the  photometer 
eyepiece  covered  alternately  with  deep  red  and  deep  green  gelatine 
filters.     The  balance  point  at  a  particular  intensity  was  the  same 
in  all  cases  within  about  one  per  cent.     Recently  it  has  been  called 
to  our  attention  that  Dr.  Hyde^  performed  identically  the  same 
experiment  many  years  ago,  with  similar  results.     The  highest 
intensity  used  in  our  experiments  was  much  higher  than  was  avail- 
able for  his  tests  however,  and  our  results  may  therefore  be  con- 
sidered as  an  extension  of  his  work  to  higher  intensities.  This  test 
proves  two  things,  namely,  that  the  transmission-factor  of  a  sec- 
tored disk  is  independent  of  the  color  of  the  light,  and  that  at 
speeds  at  which  flicker  is  just  apparent,  as  in  the  flicker  photo- 
meter, the  average  stimulus  for  red  and  green  is  the  same  as 
when  the  speed  of  flicker  is  much  too  great  to  cause  flicker.  Fur- 
ther evidence  bearing  upon  the  comparison    of    flickering    and 
steady  lights  is  given  by  tests  reported  by  Luckiesh.^     Summariz- 
ing his  work  he  says :  "Red  and  blue-green  lights  add  in  the  same 
manner  whether  by  direct  superposition  or  by  alternately  flicker- 
ing them  as  in  the  flicker  photometer  when  the  speed  is  not  lower 
than  that  at  which  flicker  is  barely  apparent."     From  the  various 
tests  which  he  performed  he  concludes  further :     "These  experi- 
ments indicate  quite  strongly  that  the  flicker  photometer  is  not  af- 
fected by  the  difference  in  the  rates  of  growth  and  decay  of  color 
sensations." 

T^.  P.  Hyde,  Bjillettn  of  the  Bureau  0/  Standards,  Vol.  H,  p.  30,  1906. 
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The  theory  developed  above  does  not  account  for  the  re- 
versed I'urkinjc  effect  whicli  has  been  observed  by  Ives"  and 
Luckiesh."  It  is  a  well  kncnvn  fact  that  some  radical  change  in 
visual  response  takes  place  at  the  low  level  of  illumination  where 
the  Purkinje  effect  api>cars,  and  hence  it  would  not  be  surprising 
if  flickering  and  stationary  colored  lights  should  be  differently 
evaluated  at  very  low  intensities.  It  should  be  noted  that  all  the 
experimental  evidence  cited  was  obtained  at  illuminations  well 
above  this  level,  and  it  is  not  justifiable  to  assume  that  results 
would  be  the  same  at  those  low  levels. 

I  have  recently  carried  out  another  experiment  to  test  the 
summation  quality  of  the  flicker  photometer.  (A  similar  test  was 
made  by  Ives'"  many  years  ago.)  Three  lamps,  red,  green  and 
blue  were  mounted  in  a  white  lined  box  with  opal-glass  window, 
and  so  adjusted  in  intensity  that  the  combined  effect  was  a  color 
approximately  the  same  as  that  given  by  the  comparison  lamp. 
The  brightness  of  the  window  was  then  measured  by  the  flicker 
photometer  for  the  lamps  individually  and  collectively.  The  re- 
sult approximately  verified  Ives'  result  that  brightnesses 
measured  with  the  flicker  photometer  are  additive.  More  exten- 
sive tests  of  this  nature  are  necessary  if  definite  conclusions  are 
to  be  drawn,  however. 

The  evidence  bearing  upon  this  theory  of  operation  of  the 
flicker  photometer  may  then  be  summarized  as  follows  : 

1.  In  a  flicker  photometer  operated  as  described  there  is  a 
pulsation  of  light-flux  in  the  photometric  field  when  the  fields  il- 
luminated by  the  two  sources  are  not  of  equal  brightness.  Detec- 
tion of  this  pulsation  depends  on  certain  factors,  the  most  import- 
ant being  the  magnitude  and  frequency  of  the  pulsation. 

2.  Color  flicker  disappears  at  a  lower  rate  of  alteration  than 
brightness  flicker,  except  perhaps  when  color-differences  are  very 
large.  That  the  flicker  which  remains  at  higher  speeds  is  not  due 
to  color  is  evidenced  by  the  fact  that  it  can  be  eliminated  at  the 
condition  where  the  color  contrast  would  naturally  be  expected  to 
be  greatest,  i-is.,  when  the  two  fields  are  of  aproximately  equal 
brightness. 

•H.  E.  Ives,  Phil.  Mag.,  July,  191J,  p.  149. 
•M.  Luckicsh,  Eire.  HIJ.,  March  J2.  1913. 
H.  £.  Ives.  /^iV.  A/ax,  ^4.  >9i>.  P- H45. 
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3.  The  intensity  ratio  of  the  two  Hghts  compared,  as  deter- 
mined by  the  disappearance  of  flicker,  is  independent  of  the  speed 
of  ahernation  at  speeds  above  the  minimum  at  which  flicker  can 
be  made  to  disappear,  the  only  effect  of  increasing  speed  being  a 
decrease  in  sensibility.  If  the  results  obtained  were  influenced  by 
the  different  rates  of  growth  and  decay  of  visual  sensations,  it 
would  be  expected  that  results  would  vary  with  the  speed.  Hence 
it  appears  that  this  factor  can  be  eliminated  from  consideration. 

4.  The  transmission- factor  of  a  sectored  disk  is  independent 
of  the  color  of  the  light,  even  when  operated  at  such  a  speed  that 
a  slight  flicker  is  apparent.  Or,  expressed  in  another  way,  the 
intensities  of  successive  flashes  of  light  are  integrated  by  the  eye 
irrespective  of  color. 

5.  Experiments  of  Ives,  Luckiesh,  and  others  show  that  the 
flicker  photometer  passes  the  summation  quality  test  which  any 
photometric  method  must  pass  in  order  to  be  valid  as  a  method  of 
measuring  brightness. 

In  view  of  the  experimental  evidence  cited  it  would  appear 
to  be  very  probable  that  the  flicker  photometer  does  measure  rela- 
tive brightness  as  defined  above,  unless  the  results  are  affected  by 
some  other  factor  which  has  not  been  considered  here  and  which 
is  not  at  present  apparent. 

Some  very  significant  experiments  bearing  on  the  operation 
of  flicker  and  "direct  comparison"  photometers  were  performed 
by  Dow^^.  By  various  tests  he  showed  that  the  intensity  ratio  of 
certain  red  and  green  lights  depend  on  the  solid  angle  subtended 
at  the  eye  by  the  photometer  field.  One  very  striking  experiment 
was  the  use  of  a  concentric  circular  field,  in  which  the  positions  of 
the  red  and  green  lights  could  be  reversed.  By  reversal  of  such 
a  field  in  a  Lummer-Brodhun  photometer  he  obtained  a  difference 
of  18  per  cent  in  the  ratio  of  red  to  green.  I  have  recently  veri- 
fied this  for  my  own  eye,  though  I  am  not  sure  whether  the  differ- 
ence is  in  the  same  direction.  This  shows  (as  has  long  been  known 
from  other  researches)  that  the  retina  differs  in  relative  sensitivity 
to  differently  colored  lights  in  the  central  and  peripheral  regions. 
Hence  the  above  proof  that  the  flicker  photometer  measures  rela- 
tive brightness  should  be  qualified  to  say  that  the  photometer  cor- 
rectly evaluates  the  relative  stimulation,  by  lights  of  different 

i^J.  S.  Dow,  Philo.  Mag.  12,  p.  120,  1906. 
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colors,  of  the  portion  of  the  retina  used  in  the  experiments.  Evi- 
dently its  action  cantwt  be  independent  of  the  observer  used,  as 
was  thoujjht  by  the  early  exiK*rimenters,  but  the  results  will  depend 
on  the  observer's  sensitivity  to  lights  of  different  wave-lengths. 
It  should  further  be  emphasized  that  comparisons  of  results  of 
tests  by  tlicker  and  "direct  comparison"  photometers  are  not 
strictly  valid  unless  the  angles  subtended  by  the  fields  are 
equal,  for  unless  they  are  equal  the  instruments  are  not  comparing 
stimuli  of  equal  parts  of  the  retina.  It  is  not  certain  that  "direct 
comparison"  fields  of  equal  size,  one  of  which  was  a  central  spot 
and  annular  ring  and  the  other  a  circle  divided  vertically,  or  the 
more  common  trapezoidal  contrast  field,  would  give  identical 
results  in  heterochromatic  photometry,  in  fact  it  seems  improbable 
that  they  would.  Yet  none  of  these  have  been  condemned  as 
giving  improper  results,  and  results  by  each  have  been  accepted 
without  question. 

Earlier  in  this  paper  the  need  for  specifying  the  conditions  of 
measurement  was  stated.     The  need  is  probably  more  apparenl 
now,  in  view  of  the  experimental  evidence  cited.     Some  have 
taken  the  stand  that  "direct  comparison"  photometers  are  the  only 
ones  which  correctly  evaluate  relative  intensities  of  differently 
colored  lights.     On  the  other  hand,  experimental  evidence"  shows 
that  the  results  obtained  by  any  observer  using  this  classof  photom- 
eters can  be  varied  by  varying  the  conditions  of  the  measure- 
ment.    How,  then,  are  we  to  decide  which  instrument  and  method 
gives  the  correct  result?     There  is  no  way  of  determining  this, 
and  we  have   been  accepting   results   obtained  in   any  one   of   a 
number  of  ways.     The  fact  that  the  flicker  and  "direct  compari- 
son"  photometers   do  not    exactly   agree   when   lights   differing 
widely  in  color  are  compared  does  not  necessarily  prove  that  the 
former  is  incorrect;  in  fact,  it  has  just  as  much  right  to  credence 
as  the  latter  has.     Since  the  result  obtained  by  any  photometer 
may  be  very  appreciably  diflerent  from  that  of  a  practical  test 
of  the  usefulness  of  the  lights  in  producing  vision  (assuming  that 
such  a  test,  of  sufficient  sensitivity,  could  be  devised),  some  com- 
promise  or   standardization   of   conditions   of   measurements   is 
necessary.     It  would  seem  that  one  of  the  most  important  char- 
acteristics to  be  sought  after  in  any  method  is  reproducibility  at 
any  time  by  different  groups  of  observers.     All  of  this  has  a  very 
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important  bearing  on  so-called  "visibility"  curves.  At  best  such 
curves  represent  relative  visibility  only  under  certain  definite 
conditions  which  are  foreign  to  the  conditions  of  use  of  the  light 
in  everyday  life. 

Up  until  this  century  most  photometric  work  was  done  with 
only  moderate  color-differences,  and  any  photometric  method  then 
in  use  would  give  fairly  satisfactory  results.  In  the  present  day, 
with  our  commercial  illuminants  extending  over  a  wide  range  of 
colors  and  with  greater  need  for  precision,  the  importance  of 
standardization  of  instruments  and  methods,  after  a  thorough 
study,  is  very  important  if  reproducible  and  consistent  results  are 
to  be  obtained.  There  is  still  need  for  much  research  work  on 
instruments  and  methods  of  measurement  in  heterochromatic 
photometry.  A  few  of  the  lines  of  research  which  suggest  them- 
selves are  as  follows : 

A  thorough  study  of  flicker  photometers  of  different  types  to 
determine  the  extent  to  which  brightnesses  evaluated  by  them  can 
be  added  and  subtracted  as  arithmetical  quantities,  that  is,  a  study 
of  their  summation  qualities. 

A  similar  study  to  determine  whether  evaluations  of  bright- 
ness by  so-called  "direct  comparison"  photometers  can  be  treated 
likewise,  and  to  what  extent. 

Comparison  of  results  with  the  flicker  photometer  with  2° 
and  180°  fields,  and  a  similar  comparison  of  the  other  types  of 
photometers  if  it  can  be  arranged.  (An  integrating  sphere  could 
be  used  for  the  i8o°  flicker  field.) 

Further  study  of  the  flicker  photometer,  and  the  Lummer- 
Brodhun  contrast  photometer  with  equally  sized  fields,  with  vari- 
ous color  differences. 

Work  on  the  first  two  suggestions  would  do  much  to  clear  up 
the  question  of  the  validity  of  measurements  by  the  two  methods, 
since  no  method  is  valid  unless  it  possesses  the  summation  quality. 

Having  had  considerable  experience  with  flicker  photometers, 
I  should  like  to  call  attention  to  some  important  points  in  the 
operation  of  such  instruments,  especially  as  practically  all  that 
have  been  sold  in  this  country  are  mechanically  imperfect  and 
need  considerable  revision  to  make  them  satisfactory. 
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If  the  photometer  is  of  the  Kingsbury  type,  where  the  photom- 
eter field  is  viewed  through  an  ilhiminated  diaphragm,  this  dia- 
phragm should  be  uniformly  white  to  the  edge  of  the  field,  and 
the  edges  of  the  hole  should  be  sharp,  so  that  there  is  no  dark 
ring  around  the  field.  In  operation  the  brightness  of  this  dia- 
phragm should  be  approximately  the  same  as  the  field  or  a  little 
brighter,  as  this  gives  the  greatest  sensibility. 

When  the  optical  parts  are  rotated  slowly,  no  shadows  or 
unequally  illuminated  spots  should  be  apparent  in  the  field.  This 
requires  careful  adjustment  of  position  of  cube  and  mirrors,  and 
uniform  illumination  over  the  whole  photometer  screen. 

The  two  fields  should  be  visible  for  equal  lengths  of  time 
during  a  complete  cycle. 

The  photometer-head  should  remain  stationary,  and  inten- 
sities should  be  balanced  by  moving  one  of  the  lamps.  This  lamp 
should  move  with  little  effort  on  the  part  of  the  observer. 

Too  large  a  flicker-field  is  unsatisfactory,  as  peripheral  flicker 
persists  after  central  flicker  has  disappeared. 

The  greatest  trouble  with  the  flicker  photometers  ax-ailable  is 
caused  by  the  motor.  In  order  to  oi>erate  satisfactorily  the  motor 
should  run  smoothly  and  steadily  at  or  near  its  rated  speed. 
Hence  there  must  be  a  large  speed  reduction  ratio  between  the 
motor  and  optical  parts.  A  direct-current  series-wound  motor 
with  fly-wheel  and  reducing  pulleys  giving  a  reduction  of  eight  or 
ten  to  one  would  probably  give  the  best  service.  Wire-spring 
belts  are  not  entirely  satisfactory  on  account  of  non-uniformity 
of  flexibility,  but  any  other  type  of  belt  used  should  be  so  arranged 
that  it  could  be  easily  tightened. 

The  flicker  photometer  is  not  suitable  for  continuous  work, 
on  account  of  its  fatiguing  effect,  but  should  be  used  only  for 
periods  not  exceeding  about  an  hour.  It  should  find  its  greatest 
usefulness  in  the  standardizing  laboratory',  and  in  the  standardiza- 
tion of  color  screens  for  routine  work  with  the  contrast 
photometer. 
5 


586        TRANSACTIONS  I.  E.  S.     VOlv.  XVI,  NO.  9,  DE;C.  30,  1921 

No  photometric  method  now  available  is  entirely  satisfactory 
when  very  large  color  differences,  such  as  a  determination  of  rela- 
tive intensities  of  pure  red  and  green,  are  encountered.  The 
flicker  photometer  then  loses  much  of  its  sensibility  on  account  of 
the  high  speed  required  to  eliminate  flicker.  In  such  cases  it  is 
desirable  to  make  the  measurements  in  two  or  more  steps  of  lower 
color  difference. 

DISCUSSION 

The  papers  by  Mr.  A.  H.  Taylor  and  Messrs.  Cady  and  For- 
sythe  were  discussed  together.     See  page  598. 
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In  the  use  of  photometric  integrating  spheres  one  of  the  most 
important  details  is  the  white  paint  used  for  painting  the  interior. 
There  appears  to  be  no  paint  on  the  market  which  fulfills  all  the 
requirements,  and  those  in  use  in  many  laboratories  have  proved  to 
be  unsatisfactory.  So  far  as  the  author  knows  only  one  thorough 
investi^tion  of  this  matter  has  previously  been  made.  It  was 
made  by  a  German  photometric  commission,  the  results  being  pub- 
lished by  Utzinger^  This  commission  recommended  the  use  of  a 
paint  consisting  of  (a)  a  ground  "body"  paint  of  which  only  one 
coating  is  required,  and  (b)  a  surface  paint  which  should  be 
applied  in  three  coats.  The  "body"  paint  consists  of  lead  white 
or  baryta  ground  into  a  varnish  made  up  of  equal  parts  by  weight 
of  copal  and  turpentine.  The  surface  paint  is  made  up  as  fol- 
lov/s : — 100  parts  of  zinc  white  are  added  to  8  parts  of  water,  and 
100  parts  of  this  zinc  water  paint  are  then  thoroughly  mixed  with 
6  p>arts  of  a  solution  of  colorless  glue  in  the  proportion  of  i  part 
glue  to  5  parts  water. 

Several  years  ago  the  author  prepared  the  plans  and  assisted 
in  the  construction  of  an  88-in.  sphere  at  the  Bureau  of  Standards. 
He  planned  to  use  the  paint  recommended  by  Utzinger,  but  dili- 
gent search  failed  to  find  a  colorless  glue,  or  a  satisfactory  substi- 
tute. 

The  requirements  for  a  satisfactory  paint  for  integrating 
spheres  are  unusually  severe.  To  be  entirely  satisfactory  it 
should  fulfill  the  following  conditions : 

I.  It  should  be  perfectly  matt,  reflecting  light  in  accord- 
ance with  the  cosine  law. 

2.     It  should  be  tenacious  and  somewhat  clastic. 

*A    pap«r  presented    at   the  Annual  Conventioo   of   the    IUumiii«ting  Engineering 
Society,  Rochester,  N.  Y..  September  »^»9,  1911. 

••  Laboratory  of   Applied  Science.  Nela  Keaearch  Laboratorica,  Nela   Park,  Clere* 
land,  Ohio. 

^Uttinger,  Eltk.  Zett.,  Vol.   36.   p.    137,    1915. 
Set.  Ab*.,  B,  VoL   18.  p.   J7S,   1915- 
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3.  The  paint  should  be  a  pure  white,  that  is,  its  reflection 
should  be  non-selective,  and  it  must  not  change  in  color  with  age 
or  temperature. 

4.  The  reflection  factor  should  be  high. 

Of  these  requirements  Numbers  i  and  3  are  hardest  to  fulfill. 
No  oil  paint  is  colorless,  and  such  paints  will  turn  yellow  with  age, 
especially  when  used  in  an  enclosed  space.  Although  a  perfect 
diffuser  is  unobtainable,  it  is  possible  to  make  up  a  paint  which  will 
fulfill  this  condition  closely  enough  for  all  practical  purposes. 

When  this  paint  problem  arose,  extensive  experiments  were 
made  in  the  effort  to  find  or  develop  a  suitable  paint.  It  appeared 
that  the  most  serious  defect  of  all  the  commercial  paints  examined 
was  their  color.  In  order  to  reproduce  approximately  the  distor- 
tion of  color  which  results  from  multiple  reflection  in  the  sphere  a 
test  box  was  made  up.  It  was  cubical,  with  a  colorless  ground  glass 
window  in  one  side,  and  contained  a  small  lamp.  The  reflecting 
walls  were  composed  of  removable  cardboards  covered  with  the 
paint  to  be  tested.  In  making  a  test  the  walls  were  first  lined  with 
black  velvet,  and  the  lamp  arranged  to  illuminate  the  window 
directly.  This  window  illuminated  the  screen  of  a  Lummer-Brod- 
hun  photometer.  The  voltage  of  the  comparison  lamp  was  then 
varied  until  a  color  match  was  obtained.  Next  the  black  velvet 
was  replaced  with  the  test  cards,  the  direct  light  was  screened  from 
the  window  and  an  effort  was  again  made  to  obtain  a  color  match. 

After  a  number  of  samples  of  commercial  "flat  white"  paints 
had  been  tested  in  this  manner,  without  satisfactory  results,  an 
effort  was  made  to  develop  a  suitable  paint.  In  the  discussion  of 
a  paper  presented  before  this  society  by  Dr.  Rosa  and  the  author 
in  191 5,  Mr.  D.  MacFarlan  Moore  had  stated  that  he  had  found 
a  zinc  oxide  paint,  using  a  cellulose  lacquer  for  a  binder,  to  be 
entirely  satisfactory.  In  his  paint  use  is  made  of  amyl-acetate, 
which  is  expensive  and  very  obnoxious  because  of  the  toxic  effect 
of  the  vapor.  In  an  endeavor  to  avoid  the  use  of  amyl-acetate  a 
lacquer  was  made  up  by  dissolving  celluloid  and  camphor  in 
alcohol.  Numerous  pigments  were  tried,  most  of  the  experiments 
being  with  magnesium  carbonate  and  oxide,  zinc  oxide  and  barium 
sulphate.  None  of  these  was  found  to  be  non-selective,  all  except 
the  barium  sulphate  resulting  in  a  greenish-yellow  hue  which  could 
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not  be  color-matched  very  closely  by  a  change  of  voltage  of  the 
comparison  lamp.  It  was  found  that  the  barium  sulphate  gave 
the  l>est  results  in  this  respect,  and  although  it  was  selective  in  its 
absorption,  an  almost  perfect  color-match  was  obtainable  by  reduc- 
ing the  voltage  of  the  comparison  lamp.  Other  difficulties  were 
encountered  in  tr>'ing  to  make  up  a  paint  with  this  pigment  and 
lacquer,  and  variable  results  were  obtained,  so  that  the  cflfort  was 
finally  abandoned. 

It  was  found  that  a  fairly  satisfactor>'  paint  could  be  made  up 
with  magnesium  oxide,  but  the  mixed  paint  before  being  applied, 
gradually  turned  yellow,  a  perceptible  change  taking  place  within 
24  to  48  hours.  There  was  apparently  no  change  in  color  after  it 
was  applied,  however. 

Although  the  zinc -oxide  paint  is  somewhat  selective  in  its 
absorption,  it  is  apparently  satisfactory  in  all  other  respects,  and  is 
now  being  used  in  the  spheres  at  the  Bureau  and  elsewhere.  Be- 
fore applying  it  to  the  concrete  sphere  the  surface  was  given  a 
priming  coat  of  a  thin  solution  of  cabinetmakers'  glue.  Water- 
glass  would  probably  serve  equally  well.  The  zinc-oxide  paint 
is  prepared  as  follows : 

Prepare  a  lacquer  composed  of  the  following: 

Denatured  alcohol  100  parts  by  weight 

Camphor  15       "      ••         " 

Celluloid  (colorleM,  small  pes.)  10      "      "         " 

Dissolve  the  camprfior  in  the  alc(Aol  before  adding  the  cellu- 
loid, using  a  motor  operated  stirrer.  Add  the  small  pieces  of 
clear,  colorless  celluloid  slowly,  while  stirring,  to  prevent  them 
from  sticking  together  or  to  the  walls  of  the  vessel.  Continue  the 
stirring  (covering  the  vessel)  until  all  the  celluloid  is  dissolved, 
which  usually  requires  about  ten  or  twelve  hours.  This  makes  a 
ver>'  thick,  viscous  lacquer.  Keep  a  record  of  the  weights  used, 
so  that  the  alcohol  lost  by  evaporation  can  be  replaced  when  the 
celluloid  is  dissolved. 

The  paint  is  prepared  as  follows : 

ZINv:  UXIDK  I'AINT. 
Cellulo&e  lacquer  4  parts  by  weight 

Alcohol  1  part      " 

Zinc  oxide  4  paits     " 
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Add  the  zinc-oxide  slowly  to  the  lacquer  and  alcohol,  stirring 
constantly.  Continue  the  stirring  until  a  smooth,  thick  paste  is 
obtained.  This  requires  about  one  hour  or  more.  Then  add 
slowly  about  two  parts  of  alcohol  and  one  or  two  parts  of  water- 
white  turpentine.  If  not  thin  enough,  add  more  alcohol.  Use  the 
paint  thinner  than  the  ordinary  oil  paints. 

This  paint  dries  very  quickly,  even  on  a  non-porous  surface, 
and  should  be  brushed  out  as  applied.  Care  should  be  taken  not 
to  brush  over  the  fresh  paint  after  it  has  been  put  on  for  about 
fifteen  seconds,  else  the  brush  will  draw  the  paint.  Avoid  contact 
with  any  water,  as  water  coagulates  the  paint.  Best  results  will 
be  obtained  if  drying  is  retarded  by  preventing  exposure  to  drafts, 
etc.  In  painting  a  30-in.  metal  sphere  it  has  been  found  best  to 
turn  the  hemispheres  open  side  up  and  cover  with  cloth  as  soon 
as  the  painting  is  completed.  If  the  paint  "checks"  add  some 
more  camphor.  Checking  is  most  often  caused  on  bare  metal  by 
applying  the  coat  too  thick.  If  flaking  occurs,  make  the  paint  less 
rich  in  lacquer.  Allow  about  three  hours  between  the  first  two, 
and  six  or  seven  hours  between  coats  thereafter. 

This  paint  is  tenacious,  is  permanent  in  color,  and  has  a  very 
high  reflection  factor,  being  94  per  cent  with  one  lot  of  zinc  oxide 
used.     The  covering  power  is  also  good. 

The  greenish-yellow  hue  of  the  sphere  window  can  usually 
be  almost  perfectly  matched  by  the  introduction  of  greenish  glass, 
such  as  ordinary  window  glass,  on  the  comparison  lamp  side. 

This  paint  has  been  found  to  be  very  useful  around  the  labora- 
tory for  other  purposes  where  a  very  high  reflection  factor  is 
desired.  The  diffusion  is  not  perfect,  but  is  sufficiently  so  for  use 
in  integrating  spheres. 

It  may  not  be  amiss  to  note  that  a  somewhat  lower  reflection 
factor  is  desirable  in  spheres  used  in  life  tests  of  incandescent 
lamps  where  the  blackened  lamps  may  absorb  an  amount  of  light 
appreciably  different  from  that  absorbed  by  the  clear  lamps  used 
in  standardizing  the  sphere. 

DISCUSSION 
The  papers  by  Mr.  A.  H.  Taylor  and  Messrs.  Cady  and  For- 
sythe  were  discussed  together.     See  page  598. 
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INTERLABORATORY  PHOTOMETRIC  COMPARISONS 
OF  GAS-FILLED  TUNGSTEN  LAMPS* 


BY  \V.  E.  FOkSYTHE  AND  F.  E.  CADY** 


Just  when  those  interested  in  the  subject  of  photometry 
thought  the  time  had  arrived  when  the  measurement  of  incan- 
descent lamps  had  reached  a  fair  degree  of  accuracy  and  efforts 
were  being  concentrated  on  the  improvement  of  primary  stan- 
dards of  hght  to  make  them  constant  and  reproducible  to  within 
a  few  tenths  of  one  per  cent,  the  gas-filled  tungsten  incandescent 
lamp  was  developed  and  caused  a  revolution  in  photometric  pro- 
cedure. 

It  was  early  found  that  the  mean  horizontal  candle-power 
of  these  lamps  changed  if  they  were  rotated  and  became  a  func- 
tion of  the  speed  of  rotation.  Since  a  determination  by  the  point- 
by-point  method  was  impracticable  in  commercial  work,  the  mean 
spherical  candle-power  was  adopted  as  the  quantity  to  be  mea- 
sured while  the  lamps  were  rated  in  lumens.  This  change  was  the 
more  easily  accomplished  because  it  was  found  that  the  Ulbricht 
sphere  was  a  practical  instrument  which  could  be  adapted  even 
to  factory  use. 

The  gas-filled  lamp  by  reason  of  the  higher  temperature  of 
its  filament  and  consequent  "whiter"  character  of  its  light  brought 
in  another  complication  in  its  photometry,  that  is,  its  color.  Wliile 
the  difference  in  color,  photometrically  considered,  between  a 
carbon  lamp  and  a  vacuum  tungsten  lamp  was  bad,  the  gas- 
filled  lamp  greatly  increased  the  ditlerence  and  until  a  primary 
standard  of  a  near  approach  in  color  has  been  adopted,  the 
question  of  color  photometry  will  remain  a  factor  in  measure- 
ments of  the  high  wattage  lamps. 

Reports  of  comparative  photometric  tests  of  incandescent 
lamps  have  been  made  to  the  Illuminating  Engineering  Society 
on  several  occasions,  and  in  order  that  such  information  should 
be  as  complete  as  possible,  it  was  thought  that  it  might  be  help- 

*A  paper  presented  at  the  Annual  Convention  of  the  lUumiuatinc  Kngine«rin( 
Society.  Rochester.  N.  V..  September  »6-J9,  19JI. 

••Laboratory  of  Applied  Science.  NeU  Reaenrch  L«boratorirs,  NeUi  Park,  ClereUnd, 
Ohio. 
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ful  to  have  duplicated  in  other  laboratories  a  set  of  measure- 
ments made  by  the  authors  for  another  purpose  at  Nela  Re- 
search Laboratory  on  the  mean  spherical  candle-power  of  various 
types  of  gas-filled  lamps.  The  following  photometrical  labora- 
tories very  kindly  consented  to  cooperate  in  such  a  test :  The 
Research  Section  and  Testing  Section  of  the  Engineering  De- 
partment, National  Lamp  Works,  designated  hereafter  by  R.  N. 
L.  W.  and  T.  N.  L.  W. ;  the  Photometric  Laboratory  of  the 
Westinghouse  Lamp  Company,  designated  by  W.  L. ;  the  Elec- 
trical Testing  Laboratories,  designated  by  E.  T.  L. ;  the  Edison 
Lamp  Works  of  the  G.  E.  Co.,  designated  E.  L.  W. ;  and  the 
Bureau  of  Standards,  designated  by  B.  S.  At  this  point,  the 
authors  desire  to  express  their  appreciation  of  the  courtesy 
shown  by  the  above  laboratories  in  making  the  measurements 
recorded  in  the  test. 

Inasmuch  as  no  method  of  color  photometry  has  yet  been 
generally  accepted  as  standard,  and  as  the  lamps  themselves  were 
ordinary  commercial  lamps,  it  was  decided  to  ask  each  laboratory 
to  photometer  them  as  they  would  if  they  had  been  sent  in  for  a 
regular  commercial  test  and  in  their  report  to  give  information 
on  the  following  points : 

(i)  A  complete  description  of  the  standards  used  and 
where  they  were  obtained. 

(2)  What  method  was  used,  if  any,  to  overcome  color 
differences  involved. 

(3)  The  number  of  observers  participating  and  whether 
they  were  regular  operators  or  special. 

Replies  received  from  the  laboratories  were  as  follows : 

Research  Section,  National  Lamp  Works: 

"Our  records  show  that  these  lamps  were  photometered  against  four 
Soo-watt  Type  C  lamps  which  we  made  up  directly  from  a  set  of  primary 
Bureau  of  Standards  lamps.  Our  photometer  was  set  up  at  a  color  match 
with  these  500-watt  lamps  operating  at  approximately  0.85-watt  per  spher- 
ical candle.  No  correction  was  made  for  the  difference  in  color  between 
this  0.85  efficiency  and  that  of  the  lamps  which  we  photometered  for  you. 
The  readings  which  we  forwarded  to  you  are  an  average  of  three  observers 
taken  on  our  S4-in.  sphere." 
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Testing  Section.  Xalinnal  Lamf*  li'orks: 

'The  reading:  on  these  lamps  by  Testing  Section  were  obtained  in  our 
loo-in.  sphere.  The  readings  reported  in  my  letter  of  April  i8,  were  the 
averages  of  two  separate  sets  of  observations  by  a  single  regular  operator. 
These  two  sets  of  readings  were  taken  on  different  days  and  consisted  of 
three  readings  each. 

The  standards  used  were  calibrated  and  supplied  to  us  by  our  Research 
Section.  The  photometer  'check  up'  was  accompUshed  by  the  substitution 
method.  The  standards  in  'checking  up'  for  reading  the  500-watt  lamps 
and  above  were  50O-\vatt— 115  volt — Type  C  lamps  of  regular  construction 
and  for  reading  the  lOO-watt  Type  C  lamps,  100- watt — 115  volt — T>T>e  C 
standards  of  regular  construction  were  used.  Three  standards  and  two 
check  lamps  (checking  standards)  were  used  in  each  'check  up.' 

The  comparison  lamp  used  in  'checking  up'  and  making  all  readings 
was  a  60-watt  Type  B  lamp.     Color  correction  screens  were  used  to  over- 
come color  differences." 
IVestinghouse  Lamp  Company: 

"I.    The  following  standards  were  used  for  the  test: 

too  watt  100  volt  grade 

300  watt  100  volt  grade 

500  watt  100  volt  grade 

750  watt  too  volt  grade 

1000  watt  100  volt  grade 

200  watt  220  volt  grade 

These  lamps  were  furnished  us  by  the  Electrical  Testing  Laboratories 
after  comparison  with  their  standards  from  the  Bureau  of  Standards. 
The  standard  lamps  were  operated  slightly  below  normal  operating 
efficiency  and  a  100-watt  vacuum  lamp  was  used  in  the  comparison  position. 
There  was,  therefore,  quite  a  considerable  color  difference  involved  both 
on  the  initial  standardization  of  the  photometer  and  on  the  actual  measure- 
ments. 

2.  No  method  for  eliminating  or  overcoming  color  differences  was 
used.  This  is  in  accordance  with  our  custom  since  all  five  of  the  operators 
involved  in  this  kind  of  work  have  been  consistently  trained  by  this 
method.  This  is  at  variance  with  our  procedure  in  the  factor>'  where 
color  screens  are  used. 

3.  Two  observers  were  used  on  this  particular  test.  They  were 
chosen  from  the  regular  life  test  photometr>'  staff  as  the  most  experienced 
of  the  group." 

Electrical  Testing  Laboratorit's: 

"i.  The  Type  C  lamps  standardized  at  the  Electrical  Testing 
Laboratories  were  used  when  standardizing  the  photometer  to  read  the 
gas-filled  lamps  submitted  to  us  for  test 

2.  A  color  filter  was  placed  between  the  comparison  lamp  and  the 
photometer  to  change  the  color  of  the  Type  B  comparison  lamp  to  that  of 
the  T>'pe  C  lamp.     The  photometer  was  standardized  with  Type  C  lamps. 
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3.     Two  regular  photometer  operators  made  photometric  measure- 
ments." 
Edison  Lamp  Works: 

"i.  In  the  testing,  the  reference  standards  used  were  made  by  the 
Bureau  of  Standards  and  with  the  exception  of  the  stereopticon  type  were 
of  the  types  under  test. 

2.  No  efifort  was  made  to  overcome  color  differences. 

3.  Two  regular  observers  participated  in  the  test." 
Nela  Research  Laboratories : 

1.  At  Nela  Research  Laboratories,  the  standards  used  were  six  500- 
watt  gas-filled  tungsten  lamps  of  the  regular  commercial  type,  carefully 
chosen  and  seasoned.  They  had  been  standardized  at  the  Bureau  of 
Standards  for  mean-spherical  candle-power.  During  the  tests,  measure- 
ments were  made  on  a  standard  lamp  before  and  after  each  of  the  five 
groups  of  lamps. 

2.  No  method  was  employed  to  overcome  the  color  difference  between 
the  standards  and  the  lamps  under  test,  but  a  color  screen  was  used  on  the 
comparison-lamp  side  of  the  photometer  so  that  there  was  an  approximate 
color  match  when  the  standard  lamps  were  being  measured. 

3.  Measurements  were  made  by  two  experienced  observers  using  the 
regular  8o-in.  sphere  and  an  ordinary  Lummer  and  Brodhun  contrast 
photometer. 

Bureau  of  Standards : 

"i.  These  lamps  were  measured  for  spherical  candlepower  in  an  88- 
inch  integrating  sphere.  The  standards  used  are  a  group  of  soo-watt  gas- 
filled  lamps,  the  values  of  which  are  the  basis  of  all  gas-filled  standardi- 
zation work  done  by  this  Bureau. 

2.  No  attempt  was  made  to  avoid  the  color  differences  encountered.  A 
color  match  was  obtained  when  reading  the  standards  which  operates  at 
about  0.82  wpsc. 

3.  The  values  given  are  the  results  of  measurements  by  five  regular 
observers." 

From  the  above  statements  it  will  be  seen  that  in  some  of 
the  laboratories  color  differences  were  minimized  by  using 
standard  lamps  of  the  same  efficiency  as  those  under  test.  In 
others  color  screens  accomplished  the  same  result.  In  two  in- 
stances a  single  set  of  standards  was  used,  thus  involving  the  full 
color  differences.  In  studying  the  results  of  the  intercomparison, 
these  points  together  with  the  other  facts  given  in  the  statements 
from  the  various  laboratories  should  be  taken  into  consideration. 

The  lamps  tested  consisted  of  three  each  of  the  regular 
commercial    100- watt,  500- watt    and   1000- watt,    the    looo-watt 


S-1^ 


I«ampii   No!>.    i    to   5. — No.    i,    loowatt   gasfillcd;    Nu.    j,    looo-wait    stcreopiicon;    No.    ], 
900-watt   movie;   No.  4,   soowatt   ga»-nlled   and   No.   s,    1000- watt   gaA&llcd. 


COMPARISONS  01'  GAS-I*ILI.ED  TUNGSTKN  LAMPS  595 

stereopticon  type,  and  the  900-watt  lamp  for  moving-picture  pro- 
jection ;  all  tungsten  in  gas-filled  bulbs.  A  photograph  of  the  in- 
dividual types  is  shown  in  the  illustration  i.  It  should  be  noted 
that  of  the  various  sizes  and  types  of  gas-filled  lamps,  the  500- 
watt  lamp,  when  properly  seasoned,  has  been  found  to  be  suf- 
ficiently constant  and  dependable  in  its  candle-power  value  to  be 
used  as  a  secondary  standard  and  as  such  it  is  employed  in  some 
laboratories.  In  order  to  give  some  idea  of  the  variations  in 
efficiency  and  the  color  differences  involved  in  this  test.  Table  i 
has  been  prepared,  which  includes  for  purposes  of  comparison 
the  4-w.  p.  h.  c.  carbon  lamp  and  the  1.25-w.  p.  h.  c.  tungsten. 


TABLE  I.    Efficiencibs  and  Color  Temperaturk 
OF  THE  Various  Lamps. 


Mmp. 

Specific  consumption 

Color  temperature 
Degrees   Kelvin. 

Carbon 

4  W.  p.  h.  c. 

2080 

Tungsten 

1.25  w.  p.  h.  c. 

24rx) 

100  watt  gas-filled 

I.  w.  p.  s.  c. 

2745 

500  watt  gas-filled 

0.72  w.  p.  s.  c. 

2835 

locx)  watt  gas-filled 

0.62  w.  p.  s.  c. 

3010 

1000  watt  stereopticon 

0.52  w,  p.  s.  c. 

3185 

900  watt  movie 

0.46  w.  p.  s.  c. 

329c 

By  color  temperature  is  meant  that  temperature  at  which  a 
black  body  must  be  operated  so  that  its  emitted  light  has  the  same 
integral  color  as  the  lamp  under  consideration.  It  will  be  seen 
that  the  color  diflference,  as  indicated  by  the  color  temperatures, 
between  the  1.25-w.  p.  c.  tungsten  and  the  500-watt  gas-filled 
and  again  between  the  500-watt  and  the  movie  lamp  is  not  very 
different  from  that  between  the  4-w.  p.  c.  carbon  lamp  and  the 
1.25-w.  p.  c.  tungsten  lamp. 

Another  indication  of  color  differences  was  obtained  by 
measurements  with  a  blue  glass  filter.  This  glass  is  a  standard 
used  to  produce  an  approximate  color  match  between  the  4-w.  p.  c. 
carbon  and  the  1.25-w.  p.  c.  tungsten.  To  go  from  the  1.25-w. 
p.  c.  tungsten  to  the  movie  lamp  it  was  necessary  to  make  two 
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steps ;  the  first  carrying  the  color  match  shghtly  above  that  neces- 
sary for  the  500-watt  lamp,  and  the  second  step  carrying  it 
slightly  beyond  the  movie  lamp.  The  above  data  show  that  the 
old  problem  of  heterochromatic  photometry  which  arose  when  it 
became  necessary  to  measure  tungsten  lamps  in  terms  of  car- 
bon lamps  standards  is  still  present  even  though  the  500-watt 
gas-filled  lamps  are  used  as  standards  to  measure  other  high  ef- 
ficiency tungsten  lamps. 

The  lamps  were  first  photometered  at  Nela  Research  Labo- 
ratories then  sent  to  the  Engineering  Sections  of  the  National 
Lamp  Works,  and,  re-photometered  at  N.  R.  L.  before  being  sent 
to  the  remaining  laboratories.  On  account  of  the  brief  time  avail- 
able it  was  thought  best  to  have  the  lamps  returned  to  and  photom- 
etered at  N.  R.  L.  before  they  were  sent  to  the  B.  S.  and  this 
explains  why  the  results  from  the  B.  S.  appear  at  the  end  of  the 
tables. 

The  data  are  given  in  Tables  2  and  3.  In  the  first  column  are 
the  lamp  designations,  and  these  are  followed  by  the  assigned 
voltages  or  currents.  Table  2  shows  the  current  or  voltage  values 
while  the  mean  spherical  candle-powers  reduced  to  lumens  are 
given  in  Table  3.  The  order  in  which  the  data  from  the  various 
laboratories  are  given  is  the  same  as  that  in  which  the  lamps 
were  sent  to  be  photometered. 

In  view  of  the  relatively  large  dififerences  in  color  between 
the  "movie"  lamps  and  the  others  and  the  marked  difference  in  the 
filament  shape  and  supports,  the  agreement  in  the  candle-power 
values  is  somewhat  surprising. 

There  are  so  many  variables  involved  in  a  test  of  this  charac- 
ter— the  uncertainties  and  changes  in  the  lamps  themselves  due 
to  contacts,  to  convection  currents  in  the  gas,  structural  changes 
in  the  filament,  etc.,  the  color  differences,  the  different  sizes  of 
spheres,  the  different  standards,  and  the  number  and  character 
of  the  observers, — that  it  is  hard  to  draw  any  definite  conclu- 
sions. But  it  would  certainly  seem  that  with  the  possibilities  in- 
volved in  so  many  variables,  the  concordance  of  the  laboratories 
is  very  satisfactory. 

DISCUSSION 

The  papers  by  Mr.  A.  H.  Taylor  and  Messrs.  Cady  and  For- 
sythe  were  discussed  together. 
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D.  McFarlan  Moore:  The  paper  on  "Paints  for  Integrat- 
ing Spheres,"  is  a  gratifying  surprise  to  me  in  that  it  seems  to  cor- 
roborate the  claims  made  for  the  zinc  oxide  paint  some  years  ago. 
The  stor>^  of  the  development  of  this  paint  would  prove  interest- 
ing, but  time  does  not  permit.  However,  it  extends  from  1894 
to  to-day.  At  the  time  I  presented  a  paper  to  the  I.  E.  S.  on  a 
new  form  of  color  matching  lamp,  photometric  tests  were  made 
upon  this  vacuum  tube  lamp,  and  it  was  discovered  the  results 
were  the  same  without  the  reflector.  This  would  seem  to  indicate 
that  this  paint  was  non-selective  in  its  absorption.  It  has  proven 
entirely  satisfactory  in  various  laboratories  throughout  the  coun- 
try, and  in  fact,  throughout  the  world. 

This  paper  indicates  in  order  to  avoid  the  toxic  effect  upon 
the  painter  applying  the  paint,  it  was  desirable  to  change  the  for- 
mula for  preparing  cellulose  lacquer.  It  is  interesting  to  know 
that  we  had  some  difficulty  with  that  toxic  effect,  especially  when 
a  painter  was  trying  to  paint  the  inside  of  an  80-inch  sphere,  but 
we  obviated  that  by  using  an  electric  fan.  Before  a  substitute  for 
the  amyl-acetate  was  found,  we  used  alcohol  and  then  we  dis- 
covered that  it  was  necessary  to  use  turpentine.  I  thought  the 
problem  had  been  solved,  in  fact,  to  such  an  extent  that  quite  a 
large  number  of  the  color-matching  lamps  were  sent  to  Europe. 
Some  of  them  came  with  this  particular  paint  in  which  the  amvl- 
acetate  had  been  substituted  by  them  for  the  alcohol. 

However,  after  a  period  of  about  two  years,  it  was  found 
that  this  paint  turned  yellow  and  was  not  satisfactory,  therefore 
and  then  the  specifications  were  issued.  The  order  was  issued 
that  under  no  circumstances  was  that  formula  to  be  interfered 
with,  and  under  no  circumstances  any  turpentine  to  be  used  with 
this  photometric  paint.  Unless  the  paint  that  Mr.  Taylor  de- 
scribes has  had  at  least  two  years  of  life,  I  have  reason  to  question 
whether  an  advance  has  been  made. 
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C.  Iv.  Dows :  As  a  representative  of  one  of  the  laboratories 
listed  in  this  photometric  comparison,  which  Mr.  Cady  has  just 
given,  I  have  been  keenly  awaiting  the  results  of  the  Bureau  of 
Standards.  Since  obtaining  these  values  a  few  moments  ago  from 
Mr.  Cady,  I  have  been  making  some  rapid  calculations,  and  find 
that,  with  the  exception  of  the  stereopticon  lamps,  we  are  in  agree- 
ment with  the  Bureau  by  about  one-half  per  cent. 

The  stereopticon  lamps  afford  a  chance  for  further  investiga- 
tion if  time  permits  because  only  one  other  laboratory  really 
checks  the  Bureau,  the  rem.aining  laboratories  agreeing  fairly  well 
among  themselves  but  running  about  2.5  per  cent,  below  the 
Bureau. 

The  following  Table  has  been  prepared  showing  the  per  cent 
variations  on  individual  lamps,  considering  the  Bureau  as  stand- 
ard ;  it  gives  a  good  idea  of  the  ability  of  different  photometric 
laboratories  to  check  the  Bureau  of  Standards  in  a  test  of  this 
kind. 
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E.  C.  Crittenden  :  There  has  been  considerable  doubt  as  to 
the  reliability  of  gas-filled  lamps  as  standards  of  candlepower,  and 
this  intercomparison  makes  an  important  and  much  needed  addi- 
tion to  our  knowledge  of  the  situation  existing  in  the  practical 
measurement  of  such  lamps.  Messrs.  Forsythe  and  Cady  deserve 
much  credit  for  carrying  the  job  through,  and  the  results  obtained 
are  extremely  satisfactory  as  indicating  a  really  surprising  degree 
of  agreement  between  most  of  the  important  laboratories  which 
have  occasion  to  make  measurements  on  gas-filled  lamps. 

The  statements  in  the  paper  with  regard  to  the  color  differ- 
ences covered  in  the  measurements  are  correct,  but  a  hasty  read- 
ing and  reference  to  Table  I  might  give  rise  to  a  misconception  on 
that  point.  These  comparative  measurements  can  not  be  con- 
sidered as  showing  a  satisfactory  state  of  affairs  in  regard  to  the 
step  up  from  the  fundamental  carbon  standards,  because  they  do 
not  involve  any  comparison  of  results  obtained  by  different  labor- 
atories in  making  this  step.  All  the  measurements  are  based  on 
gas-filled  standards,  whose  values  in  turn  are  derived  from  a 
group  of  500-watt  lamps  adopted  as  reference  standards  at  the 
Bureau  of  Standards.  If  each  laboratory  went  back  independ- 
ently to  the  carbon  standards  or  even  to  vacuum  tungsten  stand- 
ards, it  is  not  at  all  likely  that  so  good  an  agreement  -w^ould  be 
shown. 

As  indicated  in  th  paper,  no  method  of  color  photometry  has 
yet  been  generally  accepted  as  standard.  A  really  satisfactory 
state  will  be  reached  only  when  agreement  on  a  method  is  obtained 
and  standards  are  established  in  accordance  with  it.  Such  an 
agreement  must,  however,  be  a  matter  of  international  consider- 
ation. Our  friends  abroad  are  now  taking  an  active  interest  in 
the  problem,  and  there  is  a  prospect  of  a  more  or  less  definite 
settlement  of  the  question,  but  this  will  take  some  time.  The 
difficulty  has  been  a  pressing  one  with  us  for  several  years,  and  in 
the  absence  of  a  general  agreement  it  has  appeared  best  to  estab- 
lish secondary  reference  standards  which  would  at  least  bring 
about  uniformity  of  lamp  ratings  in  this  country.  Such  standards 
were  therefore  carefully  evaluated  several  years  ago  by  methods 
which  we  believe  make  it  possible  to  check  their  values  precisely 
and  thus  to  maintain  a  uniform  value  for  the  unit.     Fortunately 
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the  results  reported  by  Messrs.  Forsythe  and  Cady  indicate  that 
this  uniformity  is  actually  being  obtained  in  practice  to  a  very 
satisfactor}'  degree. 

G.  C.  Cousins:  I  would  like  to  ask  Mr,  Taylor  a  question 
regarding  the  white  field  surrounding  the  photometric  field  in  the 
flicker  photometer.  We  have  been  working  with  the  Ives-Kings- 
bury test  solutions  and  especially  with  the  blue  there  is  a  very  an- 
noying after  image  due  to  the  contrast  of  the  white  field  with  the 
resultant  blue  light  from  the  photometric  field.  Has  that  any  ef- 
fect on  the  precision  or  accuracy  of  the  use  of  the  flicker  photo- 
meter? 

A.  H.  Taylor  :  In  this  paper  you  will  note  that  I  give  Mr. 
Moore  credit  for  the  first  suggestion  to  us  regarding  a  cellulose 
lacquer  paint,  although  I  neglected  to  speak  of  this  in  orally  pre- 
senting the  paper.  I  have  successfully  made  up  a  paint  similar  to 
that  for  which  he  furnished  me  the  formula,  but  early  decided  to 
avoid  the  use  of  amyl-acetate  if  possible,  mainly  on  account  of  its 
toxic  eff"ect.  With  regard  to  this  toxic  effect,  I  was  told  that 
several  years  ago  some  one  was  overcome  by  the  amyl-acetate 
fumes  while  painting  a  sphere  at  the  Leeds  and  Northrup  factory 
in  Philadelphia. 

In  order  to  avoid  the  use  of  amyl-acetate  we  decided  to  use 
alcohol,  which  is  also  a  solvent  of  celluloid  and  camphor.  One 
big  factor  in  its  favor  is  its  lower  cost,  as  it  costs  only  about  one- 
tenth  as  much  as  an  equal  volume  of  amyl-acetate. 

The  amyl-acetate  also  has  a  more  pungent  odor  than  the  alco- 
hol, and  seems  to  remain  in  the  air  longer.  While  the  alcohol  and 
camphor  fumes  are  not  pleasant,  they  are  not  toxic.  At  the 
Bureau  of  Standards  we  have  found  that  a  man  could  paint  the 
entire  inner  surface  of  an  88  inch  sphere  without  coming  out  for 
fresh  air  until  the  job  was  complete,  and  without  any  ill  effects. 

As  to  the  selectivity  of  the  paint,  the  sphere  test  is  a  very 
severe  test  of  that.  If  there  is  any  selectivity  it  will  show  up 
when  the  paint  is  used  for  painting  integrating  spheres.  I  have  not 
found  any  pigment  that  does  not  have  a  certain  amount  of  selectiv- 
ity. The  turpentine  which  is  used  in  the  paint  is  used  only  to  retard 
drying,  and  can  actually  be  left  out  entirely.    As  a  matter  of  fact. 
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I  do  leave  it  out  a  considerable  part  of  the  time,  so  it  can  be  left 
out  without  any  bad  effects,  but  it  makes  it  a  little  easier  to  apply 
if  you  put  it  in. 

Now  as  to  the  color  change :  I  have  not  had  a  test  over  as 
long  as  a  period  as  Mr.  Moore  spoke  of.  If  I  remember  correctly 
the  test  I  made  extended  over  a  period  of  about  three  months.  I 
could  not  detect  any  color  change  in  that  length  of  time  with 
samples  exposed  to  direct  sunlight  every  day  and  with  other 
samples  wrapped  up  and  kept  in  the  dark. 

P.  S.  Millar:     How  often  do  you  repaint  spheres? 

A.  H.  Taylor:  That  depends  on  conditions,  but  I  usually 
judge  by  appearances  as  to  when  repainting  is  needed.  This  is 
much  less  than  two  years,  however.  A  regular  schedule  of  re- 
painting, based  on  experience,  is  desirable,  as  the  matter  may 
otherwise  be  neglected. 

This  paint  will  withstand  fairly  high  temperatures  without 
discoloration.  I  lecently  had  occasion  to  solder  a  brass  lug  on 
the  outside  of  a  small  copper  sphere  painted  with  it,  and  heated 
the  outside  with  a  gas  flame  sufficiently  to  melt  the  solder  and  do 
the  job.  I  then  found  that  the  paint  inside  apparently  had  not 
been  affected  in  any  way.  It  probably  would  be  discolored  by 
temperatures  not  much  higher,  however. 

In  reply  to  the  question  regarding  the  effect  of  the  color  of 
the  surrounding  field  in  the  flicker  photometer,  I  seriously  doubt 
that  it  does  affect  the  results,  though  I  am  unable  to  speak  from 
experience  on  this  point.  I  have  no  doubt  that  this  has  been  in- 
vestigated, though  I  do  not  recollect  having  seen  anything  in  print 
regarding  it.     If  it  has  not  been  investigated  it  should"  be. 

F.  E.  Cady  :  In  connection  with  the  information  concerning 
paint  for  integratng  spheres  it  might  be  well  to  call  attention  to  a 
recent  article  by  Pfund  on  the  color  characteristics  of  white  paints 
in  which  he  points  out  that  by  the  addition  of  a  trace  of  lamp  black 
such  paints  may  be  made  almost  non  selective.  The  paper  was 
published  in  the  Proceedings  of  the  American  Society  of  Testing 
Materials,  20,  No.  2,  page  440,  1920. 

On  page  576  in  a  note  at  the  bottom  of  the  page  the  use  of  the 
term  "direct  comparison"  is  rather  questioned.  It  would  seem  to 
me  quite  probable  that  this  expression  arose  from  the  fact  that  in 
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photometers  of  this  type  the  two  parts  of  the  field  are  presented 
simuhaneously  and  hence  directly  in  contrast  to  the  arrangement 
of  the  flicker  photometer  where  the  two  parts  of  the  field  are  pre- 
sented alternately.  The  analogy  to  direct  and  alternating  currents 
of  electricity  is  self  evident. 

Mr.  Crittenden's  point  is  well  taken  and  I  am  sorry  that  I 
gave  that  impression.  At  the  same  time  it  should  be  noted  that 
as  far  as  we  know  in  only  one  laboratory  were  standards  used  of 
a  rating  higher  than  500  watts.  Since  the  color  difference  be- 
tween the  500  watt  lamp  and  the  movie  lamp  is  not  very  different 
from  that  between  a  1.25  w.  p.  c.  tungsten  vacuum  lamp  and  the 
500  watt  gas-filled  lamp,  there  is  a  chance  to  compare  roughly,  the 
results  of  the  different  laboratories  with  this  color  difference  even 
though  the  standards  may  all  have  been  obtained  from  the  same 
source. 

B.  S.  Willis  (Communicated)  :  In  preparing  lacquer  after 
Mr.  Taylor's  formula  at  the  Bureau  of  Standards,  it  has  been 
found  necessary  to  use  alcohol  which  is  at  least  95  per  cent  pure 
(190  proof),  otherwise  the  water  present  will  prevent  the  alcohol 
from  dissolving  the  celluoid.  In  one  case  when  80  per  cent  alco- 
hol w^as  accidentally  substituted  for  the  better  grade  the  mixture 
was  stirred  for  twenty-four  hours,  at  the  end  of  which  the  liquid 
was  not  perceptibly  thickened  and  the  celluloid  was  not  dissolved 
to  any  extent.  A  little  of  the  80  per  cent  alcohol  was  added  to  a 
sample  of  lacquer  made  up  with  high-proof  alcohol  and  coagula- 
tion occurred  similar  to  that  which  takes  place  when  water  is 
added. 

Another  factor  which  might  cause  trouble  is  the  denaturant. 
There  are  some  forty  formulas  used  for  denaturing  alcohol  and 
some  of  them  might  cause  trouble.  The  alcohol  used  at  the 
Bureau  of  Standards  has  been  denatured  with  methyl  alcohol. 
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UGHTING  FOR  THE  MANUFACTURE  OF  CLOTHING* 


BY  A.  B.  ODAY  AND  R.  W.   PEDEN** 


Under  the  heading  of  the  manufacture  of  clothing  may  fall 
the  production  of  high  grade  articles  made  to  special  measure, 
ready-to-wear  high  grade  goods,  low-priced  coarse  laborers 
clothes,  etc.  The  establishment  itself  may  vary  from  the  modern 
tailoring  establishment  to  the  dark  alley  sweat  shop.  Thus  we 
have  in  the  total  a  great  industry  with  largely  diversified  working 
conditions  and  a  wide  variety  of  kinds  and  classes  of  goods  and 
materials,  with  a  corresponding  number  of  processes  and  exacting 
requirements. 

As  is  true  in  nearly  all  large  industries,  the  clothing  industry 
has  enjoyed  rapid  strides  in  the  development  of  new  and  better 
machinery,  as  well  as  in  the  methods  of  operation;  and  to-day, 
even  the  most  insignificant  factory  or  shop  is  equipped  with  much 
up-to-date  apparatus.  This  progress  is  all  the  more  noteworthy 
when  we  stop  to  consider  that  it  is  only  a  comparatively  short  time 
since  each  family  made  most  of  its  own  clothing  by  hand  from  the 
raw  material. 

It  is  natural  to  assume  or  expect  that  an  industry  which  has 
been  so  progressive  in  the  development  of  machines  and  labor- 
saving  devices,  would  be  equally  progressive  in  accepting  modem 
methods  of  artificial  illumination.  However,  from  the  experience 
encountered  by  the  writers,  it  is  in  general,  several  years  behind 
others  in  this  respect. 

In  an  endeavor  to  determine  the  present  practice  of  lighting 
in  clothing  factories,  an  investigation  was  conducted  which  in- 
cluded an  inspection  of  approximately  loo  factories.  An  en- 
deavor was  made  to  visit  factories  covering  the  manufacture  of 
as  large  a  varity  of  clothing  as  possible,  also  those  in  several  dif- 
ferent localities.  Factories  representing  a  large  variety  of  product 
were  encountered  including  underwear,  coats,  suits,  hats,  collars, 
corsets,  brassieres,  gloves,  stockings,  ties,  waists,  shirts,  sweaters, 
furs  and  overalls. 

*A  paper  presented  at  the  Annual    Conveution  of   the    Illuminating    Engineering 
Society,  Rochester,  N.  Y.,  September  26-29,  1921- 

**  Edison  I^amp  Works  of  the  General  Electric  Co.,  Harrison,  N.  J. 


LIGHTING  FOR  MANUFACTURE  OF  CLOTHING 


607 


Fig.  I  shows  graphically  the  results  of  this  investigation  with 
regard  to  the  lighting  conditions  analyzed  as  to  lamps  and  power 
consumption,  equipment  and  systems  of  illumination  employed. 
Under  the  heading  of  lamps  and  p(j\vcr  cunsuiniJtion,  ii  will  be 
noted  that,  while  nearly  all  were  using  Tungsten-filament  lamps, 
86  per  cent  were  using  a  type  of  lamp  unsuitable  for  obtaining  the 
most  effective  and  economical  results;  22  per  cent  were  using 
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Lamps  &  Powtr  Consu*--- -r    »j 

I^B  £2^  used  more  current  than  neccM»ry 
I  H^  j\su((vcient  current  coniumptuoiv 
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Equipment 
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lO^qlasi   sKades  A'\d  reflcilors 

Systems 

H^^HHHB^^^^^Bm^  old  drop  cord  ^steir 


BM'' modern  vn%ta\l&tion& 

Fig.   I. — Data  obtained  on  the  lighting  conditions  in  over   loo  clothing  manufacturing 

establishments. 


sufficient  power,  which,  if  properly  applied  would  have  produced 
adequate  illumination ;  14  per  cent  would  require  greater  power 
consumption  to  produce  adequate  lighting;  10  per  cent  were  using 
a  variety  of  types  and  sizes  of  lamps  for  corresponding  operations 
and  showed  that  no  effort  whatever  had  been  made  in  the  way  of 
standardization. 

With  regard  to  the  type  of  equipment  employed,  28  per  cent 
were  using  antiquated  tin  shades;  20  per  cent  semi-obsolete  steel 
reflectors ;  16  per  cent  opalescent  enclosing  globes ;  14  per  cent 
were  using  modern  equipment;  12  per  cent  used  no  rejecting 
equipment  whatever;  10  per  cent  were  using  inefficient  and 
obsolete  glass  shades  and  reflectors. 
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Under  the  heading  "systems  of  Hghting,"  it  will  be  noted  that 
86  per  cent  were  found  to  be  using  the  old  drop-cord  system, 
whereas  14  per  cent  were  using  a  fairly  modern  installation.  It 
should  be  borne  in  mind,  however,  that  this  analysis  embraced 
only  the  larger  factories.  As  a  matter  of  fact,  an  endeaver  was 
made  to  locate  factories  which  gave  promise  of  a  reasonably  good 
lighting  installation.  If  the  small  factories  had  been  included,  it 
is  certain  that  a  much  smaller  percentage  of  installations  classed 
as  "good"  would  have  been  noted. 

All  of  us  interested  in  lighting  will  recall  riding  or  walking 
through  the  garment  manufaturing  center  of  a  large  city,  and 
noticing  the  lighting  conditions  under  which  the  operators  work. 
Many  plants  are  still  using  the  open-flame  gas  jet.  However, 
these  are  rapidly  being  supplanted  by  some  form  of  modern  light- 
ing. It  is  quite  common  to  see  bare  unshielded  electric  lamps  in 
sizes  ranging  from  25  to  300  watts,  either  close  to  the  ceiling  or 
suspended  from  the  ceiling  by  drop  cords,  near  the  eyes  of  the 
operator.  This  is  particularly  true  of  the  smaller  sweat-shop 
variety  of   factory. 

If  the  humanitarian  side  alone  is  considered,  improvement 
of  these  conditions  represents  a  work  that  is  well  worth  while, 
but  a  large  majority  of  these  factories  are  so  small  that  the  amount 
of  business  to  be  obtained  would  scarcely  make  them  attractive  to 
a  commercial  organization,  and  therefore,  little  improvement  can 
be  looked  for  from  this  source. 

An  educational  campaign  over  a  period  of  time,  coupled  with 
local,  state  and  federal  legislation,  making  certain  improvements 
mandatory,  are  sources  from  which  greatest  results  may  be  ex- 
pected. In  states  where  industrial  lighting  codes  are  in  force,  a 
great  amount  of  good  has  already  been  accomplished. 

The  purpose  of  this  paper  is  not  so  much  to  describe  the  type 
of  equipment  being  employed  in  the  majority  of  factories  at  the 
present  time,  but  rather  to  recommend  what,  in  our  opinion,  meets 
the  requirements  in  a  satisfactory  and  economical  manner,  util- 
izing modern  equipment  intelligently. 
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TYPE  OF  LIGHTING 

Modern  light inj^  as  applied  to  the  clothing  industry  may  be 
divided  into  three  general  classes,  namely : 

( 1 )  Modern  illumination  employing  lighting  units 
uniformly  spaced  and  hung  fairly  high  at  a  uniform  dis- 
tance above  the  floor. 

(2)  Localized  general  illumination,  employing  a 
hanging  height  corresponding  approximately  to  that  used 
for  general  illumination,  with  the  lighting  units  located 
with  reference  to  the  working  position. 

(3)  A  combination  of  local  and  general  illumin- 
ation, employing  individual  lamps  located  close  to  the 
working  points,  utilizing  relative  low  wattage  tungsten 
lamps  and  small  steel  reflectors,  this  illumination  being 
supplemented  by  a  medium  intensity  of  general  illumina- 
tion from  overhead  units. 

All  three  of  these  systems  find  application  in  the  manufacture 
of  clothing,  and  the  first  consideration  in  laying  out  an  installation 
is  the  selection  of  a  system  which  will  produce  the  best  results. 
In  making  this  selection,  the  main  point  to  be  considered  is  the 
nature  of  the  work  to  be  done. 

DISTRIBUTION 

Perhaps  in  no  other  industry  is  the  distribution  of  light  of 
greater  importance  than  in  the  manufacture  of  clothing.  In  a 
large  majority  of  operations  encountered,  shadows  cast  by  machine 
parts  or  operators  may  be  extremely  objectionable  and  annoying. 
This  is  especially  true  where  work  is  being  done  on  fine  material 
and  visual  perception  has  a  definite  bearing  on  the  quality  of  work 
produced.  In  view  of  the  exacting  conditions  encountered,  par- 
ticular care  must  be  exercised  in  desig^ng  an  installation  so  that 
the  distribution  of  light  for  a  particular  operation  will  adequately 
meet  the  requirements. 

There  is  a  tendency  on  the  part  of  some  of  the  factory  owners 
to  attempt  to  utilize  a  small  number  of  relatively  large  lamps  rather 
than  a  greater  number  of  smaller  units  on  account  of  the  lower 
wiring  cost,  and  uneven,  "spotty"  lighting  is  the  result. 


6lO        TRANSACTIONS  I.  E.  S.    VOI..  XVI,  NO.  9,  DEC  30,   I92I 

Owing  to  the  diversified  requirements,  the  clothing  industry, 
calls  for  a  wide  range  of  intensity.  For  instance,  in  the  shipping 
room,  an  intensity  of  4  ft-c  will  be  bound  to  give  fairly  good  sat- 
isfaction, while  in  the  sewing  room  an  intensity  of  20  to  50  ft-c 
at  the  needle  point  may  be  required. 

Whenever  it  is  possible  to  do  so  in  the  clothing  factories,  it  is 
recommended  that  the  system  of  general  illumination  be  employed. 
In  other  words,  if  the  required  intensity  can  be  economically  pro- 
duced by  the  system  of  general  illumination,  such  a  system  is 
recommended.  If,  on  the  other  hand,  the  economic  limit  is  passed 
before  the  intensity  has  reached  the  necessary  point,  a  localized 
general  system  should  be  employed,  with  recourse  to  a  combined 
local  and  general  system,  when  the  limit  has  been  reached  with  the 
localized  system.  Hence,  it  will  be  seen  that  with  the  diversified 
requirements,  the  theoretical  proper  intensity  of  illumination  will 
vary  for  each  factory  and  for  each  class  of  work  being  carried  on, 
and  consequently  it  will  be  difficult  to  set  a  difinite  limit.  How- 
ever, experimentation  has  proven  that  certain  intensities  which 
come  well  within  the  economic  limits  of  good  lighting,  give  benefi- 
cial results  from  every  viewpoint,  and  therefore,  recommendations 
are  based  upon  these  figures. 

TYPE  OF  REEIvECTORS 

While  forms  of  indirect  lighting  produce  a  very  desirable 
character  of  illumination  for  many  operations  in  the  clothing 
factory,  it  is  seldom  employed,  due  to  the  higher  operating  ex- 
pense. As  a  result,  direct  lighting  fixtures  are  considered  more 
applicable.  The  types  of  direct  lighting  units  which  find  applica- 
tion are  the  standard  dome,  deep  bowl  steel,  prismatic, glass,  opal- 
escent glass,  mirrored  glass  and  various  forms  of  glass  and 
combination  metal  and  glass  enclosing  and  semi-enclosing  units. 
All  of  these  types,  under  proper  conditions,  will  produce  satis- 
factory results.  However,  it  is  felt  that  from  the  standpoint  of 
economy,  distribution,  maintenance  and  efficiency,  etc.,  that  the 
standard*  dome  reflector,  especially  when  equipped  v/ith  the  bowl 
enameled  gas-filled  tungsten  lamp,  will  find  most  universal 
application. 

*The  dome  herein  called  "standard"  is  the  type  standardized  by  the  reflector  and 
lamp  manufacturers. 
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APPEARANCE 

While  not  of  paramount  importance,  the  appearance  of  a 
factory,  is  demanding  more  and  more  attention.  Of  the  factors 
which  add  to  or  detract  from  the  appearance  of  the  interior  of  a 
clothing  factory,  one  of  the  most  important  is  the  lighting  instal- 
lation. A  multiplicity  of  fixtures  and  drop  cords  hung  in  a  hap- 
hazard manner  at  non-uniform  hanging  heights,  employing  various 
types  of  reflectors  and  lamps,  produce  a  general  appearance  which 
is  far  from  pleasing  to  the  eye.  On  the  other  hand,  an  in.stallation 
which  is  uniform  throughout,  adds  to  the  attractiveness  of  the  in- 
terior and  creates  a  favorable  impression  on  the  minds  of  visitors 
and  workers.  Circumstances,  however,  do  not  warrant  the 
introduction  of  highly  decorated  fixtures,  as  it  is  neatness  and 
uniformity  rather  than  decoration  which  counts. 

The  processes  in  clothing  manufacture  are  briefly  outlined  be- 
low with  indications  of  the  lighting  requirements,  both  as  to  system 
and  intensity.  The  more  or  less  standard  methods  of  producing 
the  illumination  for  the  different  processes,  are  g^ven,  following 
this  analysis. 

REQUIREMENTS  FOR  INDIVIDUAL  OPERATIONS 
SEWING  (machine) 

The  requirements  in  a  sewing  room  are  very  diversified.  The 
type  of  machines,  the  quality  of  the  work  being  done,  the  color  of 
the  goods,  color  of  walls  and  ceilings,  and  the  liability  to  accumu- 
late dust  must  all  be  considered  in  deciding  upon  and  laying  out 
installations..  It  is,  therefore,  obvious  when  one  considers  the 
variation  in  these  factors  that  no  particular  system  can  be  selected 
for  universal  use  in  this  particular  department. 

The  two  main  positions  at  which  light  is  required  on  the  sew- 
ing table  are,  first,  at  the  side  of  the  machine  where  the  goods  lie 
prior  to  being  sewed  together,  and  second,  at  the  needle  point. 
For  the  former  a  medium  intensity  of  illumination  will  suffice. 
The  requirements  are  that  adequate  illumination  be  provieded  so 
as  to  make  it  possible  for  the  operator  to  distinguish  between  dif- 
ferent pieces  of  goods  and  also  between  the  different  parts  of  the 
same  piece.  It  is  obvious,  of  course,  that  a  greater  amount  of 
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illumination  will  be  necessary  when  work  is  on  dark  goods  rather 
than  light.  Owing  to  the  unsymmetrical  arrangement  of  the 
goods  there  is  a  considerable  liability  of  shadows  being  produced, 
hence  well  diffused,  properly  distributed  illumination  is  essential 
if  the  vision  of  the  operator  is  to  be  quick  and  sure.  For  this 
work    a  system  of  general  illumination  will  be  found  appHcable. 

The  light  at  the  needle  point,  however,  must  be  of  a  high 
intensity.  A  condition  is  seldom  encountered  where  illumination 
below  8  ft-c.  in  intensity  will  prove  satisfactory,  and  in  many  cases 
it  is  advisable  to  have  the  intensity  as  high  as  50  ft-c.  As  men- 
tioned before,  the  color  of  the  goods  and  the  fineness  of  the 


Fig.  2. — lyocalized  general  illumination  with  100-watt  bowl  enameled  type  C  lamps 
in  standard  dome  reflectors  hung  from  4  to  6  ft.  above  the  table  for  machine 
sewing,    coarse    work. 


operation  are  deciding  factors  with  regards  to  the  amount  of 
illumination  necessary.  Where  the  conditions  of  the  work  are  of 
an  ordinary  nature,  8  to  12  ft-c.  of  illumination  will  produce  fairly 
good  results.  Illumination  of  this  character  can  be  produced  satis- 
factorily by  an  overhead  system  of  general  or  localized  general 
illumination.  Layouts  applicable  for  this  type  of  lighting  are 
shown  in  Figs.  2  and  3.  With  such  a  system  the  light  comes  from 
all  directions  and  only  very  light  shadows  are  caused  by  the 
machines,  operators,  etc.  The  system  as  shown  in  Fig.  2  is 
suitable  for  work  where  only  a  comparatively  low  intensity  is 
required,  the  effect  by  night  of  such  an  installation  is  shown  in 
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Fie.  3- — Localized  gcrncral  illumination  with  iso-watt  bowl  enameled  type  C  lamps 
in  standard  dome  reflectors  hung  6  ft.  above  the  table  for  machine  »ewinx> 
medium  fine  work. 


Fif.  4. — Plan  of  sewing  machine  tables  with  lighting  for  fine  work  on  dark  (004U. 
The  local  lamps  are  15  or  35-watt,  all  frosted  type  B,  in  small  deep  bowl 
aluminum    finished    reflectors. 
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A-  ^*  pipe  flange 
B-V«'  pipe 
C-V.'90*L  fitting 
D- W  pipe 
E-  X  fitting 
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6 -Complete  adjustable  arm 

H- 3*  deep  bowl  alommom 

finis»">cd   reflector 
I  -  Trough 
K-  NceOlc   point 


Fi(.   s- — Satisfactory  method  of  mountinf  adjustable   arms   for  local   illumiaatioa   of 
•ewing    machines. 
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Fig.  6 :  whereas  that  shown  in  Fig.  3  is  intended  for  work  where 
a  medium  intensity  is  necessary.  Where  extremely  high  in- 
tensities are  necessary,  it  is  not  considered  economically  advisable 
to  use  either  of  these  two  systems,  inasmuch  as  the  particular 
point  where  high  illumination  is  desired  is  at  the  needle  point, 
and  if  40  ft-c.  were  supplied  throughout  the  entire  room, 
the  system  might  not  be  particularly  economical..  Where  such 
is  found  to  be  the  case,  it  is  advisable  to  supply  high  intensity 
at  the  needle  point  by  a  local  lamp,  while  a  somewhat  lower 
intensity  would  be  supplied  throughout  the  remainder  of  the 
room  by  a  system  of  general  illumination.  A  typical  layout  which 
will  give  satisfaction  under  these  circumstances,  is  shown  in  Figs. 
4  and  5.  Care  should  be  taken  in  choosing  the  type  of  reflector 
for  local  lighting,  as  indicated  in  Figs.  8  to  11.  A  night  view  of  an 
excellent  example  of  this  form  of  lighting  is  given  in  Fig.  7. 
Intensities  of  illumination  desirable  for  the  various  classes  of  work 
under  this  heading  will  be  found  in  the  accompanying  tables. 

SEWING  (hand) 
In  every  clothing  factory  a  certain  amount  of  hand  sewing 
must  be  done.  This  in  general  is  very  fine  work  and  requires 
good  illumination.  The  natural  posture  for  the  operator  to  assume 
is,  while  seated,  to  take  the  work  on  her  knee.  Hence,  it  is  ex- 
tremely important  that  the  lighting  system  be  so  installed  as  to 
eliminate  the  possibility  of  objectionable  shadows  being  cast  upon 
the  work.  It  is  also  obvious  that  the  predominating  light  should 
come  from  slightly  in  front  of  the  position  of  the  operator  and 
preferably  from  the  left.  These  factors  no  doubt  had  a  consider- 
able bearing  on  the  fact  that  to-day  a  large  number  of  factories 
are  utilizing  local  lighting,  that  is,  one  unit  per  operator,  for  hand 
sewing. 

To  obtain  the  reduction  of  shadows,  many  factories  are 
equipped  with  opal  glass  enclosing  globes.  These  fixtures  no 
doubt  satisfactorily  solve  the  problem  with  regard  to  diffusion; 
however,  the  characteristic  distribution  is  such  that  economical 
illumination  on  sewing  tables  is  not  produced.  Satisfactory 
results  can  be  obtained  by  the  use  of  localized  general  illumination 
over  the  sewing  table,  units  hung  from  5  to  6  ft.  above  the  surface 
of  the  table  and  spaced  in  the  neighborhood  of  8  ft.  apart ;  100,  150 
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Fig.   6. — Machine   sewiiij;    _;.  -is    with   lighting   j-    ;  i^.^,    -'.cd   in    Fig.    j.      loo-watt 

bowl   enameled   type   C  lamps   in   standard  dome   reflectors   are   hung  6   ft.   above 

the    table    in    a    staggered    arrangement. 


Fig.  7. — Night  view  of  machine  &ewing  «iih  a  combination  of  general  and  local 
lighting.  loo-watt  frosted  type  C  lamps  in  standard  dome  reflectors  on  16  ft. 
centers  10  ft.  above  the  floor  arc  used  for  general  illumination.  .'S-watt  type  B 
lamps  in  a  small  deep  bowl  aluminum  finished  reflector  provide  an  intensity 
of  30-ft-c.  at  the  needle  point.  The  general  method  of  support  indicated  in 
Fig    5    is   employed. 
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or  200  bowl  enameled  gas-filled-tungsten  lamps  in  standard  dome 
reflectors,  the  size  of  unit,  of  course,  depending  upon  the  class  of 
work.  There  will  be  good  diflfusion,  objectionable  shadows  being 
reduced  to  a  satisfactory  minimum,  and  the  operators  will  not  be 
handicapped  by  having  a  local  lamp  constantly  in  their  way. 

CUTTING  ROOM 

The  problem  in  the  cutting  room  is  not  so  complicated  as  that 
in  the  sewing  room.  Fig.  12  shows  a  typical  layout  of  such  a  room. 
The  tables  are  arranged  in  parallel  rows,  two  tables  back  to  back, 
thus  giving  a  combined  breadth  of  approximately  6  ft.,  while  the 
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Fig.  12. — Typical  arrangement  of  localized  general  illumination  for  cutting  and 
hand-pressing  tables.  A  desirable  distribution  of  light  is  provided  and  loo, 
ISO  or  200- watt  type  C  lamp5  in  standard  dome  reflectors  permit  a  range  of 
intensity    for    the    various    conditions    encountered. 

distance  between  the  rows  varies  according  to  the  dimensions  of 
the  floor  area  available.  It  will  average,  however,  approximately 
4.5  ft.  In  many  factories,  the  nature  of  the  work  done  on  the 
cutting  tables  does  not  vary  greatly.  Many  are  used  for  machine 
cutting  only,  while  others  are  used  exclusively  for  hand  cutting. 
In  either  case  the  cutter  must  carefully  follow  the  pattern  lines  on 
the  goods,  and  it  is  obvious  that  his  ability  to  see  easily,  quickly 
and  with  confidence  is  of  paramount  importance,  both  from  the 
point  of  view  of  spoilage  and  that  of  output. 

Cutting  machines  are  often  equipped  with  an  individual  low 
wattage  lamp  and  reflector  located  in  front  of  the  knife.     This 
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method  provides  effective  supplementary  illumination  if  properly 
maintained.  However,  many  instances  have  been  noted  where 
lamp  and  reflector  have  been  removed  entirely  and  in  some  cases 
a  clear,  bare  25  or  40-watt  tungsten  lamp  has  been  inserted  in  the 
socket,  defeating  the  purpose  for  which  the  light  was  originally 
intended. 

The  cutter  must  work  along  the  entire  length  of  the  table  in 
the  majority  of  cases;  hence  it  is  necessary  that  a  fairly  even 
intensity  of  illumination  be  produced  over  the  entire  table  sur- 
face. This  is  true  not  only  for  cutting,  but  also  for  the  placing 
of  patterns  and  marking  of  the  goods.  An  arrangement  of 
lighting  uAits  similar  to  that  described  for  the  hand  sewing  table 
will  supply  adequate  illumination  for  this  type  of  work,  that  is, 
localized  general  illumination,  whereby  the  maximum  of  intensity 
is  supplied  on  the  cutting  table  itself  with  units  being  hung  at  a 
sufficient  height  to  permit  the  aisles  and  lesser  important  areas 
being  lighted  to  a  satisfactory  intensity.  As  is  the  case  with  the 
hand  sewing  tables,  the  size  of  the  lamps  selected  will  depend 
largely  upon  the  fineness  of  the  goods.  Well-lighted  cutting 
tables  are  shown  in  Fig  13. 

KNITTING. 

The  type  of  machine,  arrangement,  method  of  drive  and 
character  and  color  of  material  must  all  be  given  due  consideration 
in  designing  a  lighting  system  for  the  manufacture  of  knit  goods. 
If  there  is  a  fairly  regular  arrangement  of  machines  and  few 
overhanging  parts,  a  system  of  general  illumination  will  meet  the 
requirements,  otherwise,  localized  general  illumination  will  un- 
doubtedly be  more  practicable. 

In  almost  all  cases,  diffuse  illumination  is  desirable,  not  only 
to  eliminate  direct  and  reflected  glare,  but  also  to  produce  effective 
illumination  on  vertical  surfaces  and  recesses  between  intricate 
parts  of  machines.  There  is  no  definite  plane  which  demands 
the  maximum  illumination,  and  for  this  reason  indirect  systems 
or  the  use  of  diffusing  enclosing  globes  produce  the  most  satis- 
factory results.  This  may  be  accomplished  by  using  a  lighting 
unit  which  diffuses  the  light  and  gives  a  fairly  wide  spread,  by 
hanging  it  quite  high  as  compared  with  the  spacing,  and  by 
locating  outlets  preferably  between  the  machines  rather  than 
directly  above. 


A./7r  Cfi*"' 


Fig.  13. — Night  view  of  localized  general  illumination  of  cutting  boards.  loo-watt 
type  C  lamps  in  standard  dome  reflectors  are  spaced  on  8.5  ft.  centers  4  ft. 
above   the   tops   of   the   tables.     The   average   illumination   is   over  8   ft-c. 


J ^ 


ji'^ili' 


Fig.  14. — Looping  and  seaming  of  stockings  can  be  carried  on  very  effectively  under 
lighting  conditions  such  as  shown  in  this  night  photograph.  Bowl  enameled 
200-watt  type  C  lamps  in  standard  dome  reflectors  are  hung  10  ft.  above  the 
floor  on  centers  7   x  8  ft.     High  level  illumination  of  22  ft-c.   is   the   result. 


Fig.    ig. The  overhanging  parts  of  underwear  knitting  machines   cast   dense  shadows 

unless  very  diffuse  illumination  is  provided.  It  is  necessary  to  have  good 
illumination  on  vertical  surfaces  nearly  to  the  ceiling  and  the  operator  must 
glance  directly  upward  when  threading  a  broken  strand  through  the  eye.  The 
installation  of  metal  and  glass  semi-indirect  units  pictured,  meets  these  con- 
ditions   in    a    thoroughly    satisfactory  manner. 


Fig.     j6. Night    view    of    pressing    department    illuminated    by    the    combination    of 

general  and  localized  general  systems.  For  the  former  loo-watt  bowl-frosted 
type  C  lamps  in  standard  dome  reflectors  arc  placed  lo  ft.  above  the  floor, 
at  the  center  of  each  i6-ft.  bay.  For  the  latter,  75-watt  type  C  lamps  in 
similar  equipment  are  on  centers  8  x  10  ft.,   s   ft-  above  the  tops  of  the  tables. 
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For  large  knitting  machines,  where  the  parts  extend  (juitc 
high,  the  hghting  must  be  arranged,  not  only  to  illuminate  these 
parts  to  a  satisfactorj'  degree  to  permit  inspection  of  the  operation, 
but  also  to  eliminate  undue  glare  where  the  operator  looks  upward 
toward  these  parts.  Figs.  14  and  15  picture  typical  conditions 
encountered  in  the  knitting  mill. 

INSPECTION  AND  FOLDING. 

Inspection  is,  perhaps,  the  operation  which  makes  the  most 
exacting  demands  with  regard  to  illumination.  Inspectors  not 
only  examine  the  work  but  detect  stains,  errors  in  colors,  faults 
in  the  goods,  etc.  They  are  called  upon  to  do  this  with  reasonable 
speed  and  great  accuracy.  Hence,  it  will  be  seen  that  use  should 
be  made  of  a  light  which  will  bring  out  all  of  these  defects  in  as 
pronounced  a  manner  as  is  possible.  In  many  factories  as  much 
of  the  inspection  as  is  possible  is  done  entirely  by  daylight,  inas- 
much as  it  is  found  that  the  color  quality  of  daylight  is  a  distinct 
asset  in  matching  and  detecting  imperfections. 

It  is  obvious  that  satisfactory  artificial  illumination  for  this 
class  of  work  should  simulate  daylight  in  color  value.  Where 
extreme  accuracy  of  color  matching  is  important,  it  is  clear  that 
the  most  accurate  type  of  color  matching  unit  should  be  used. 
However  in  a  large  number  of  cases  it  is  found  that  the  daylight 
tungsten  lamp,  by  supplying  a  quality  of  illumination  which 
f>ermits  discrimination  of  color  and  discernment  of  imperfections 
in  cloth,  will  meet  the  requirements. 

The  method  of  installing  these  units,  of  course,  varies  con- 
siderably with  the  class  of  work  and  the  methods  of  the  manage- 
ment. In  underwear  factories,  for  instance,  some  managers 
believe  that  it  is  advantageous  for  the  inspectors  to  fold  the 
garment  as  it  is  inspected,  others  believe  strongly  in  the  advisa- 
bility of  keeping  an  inspection  department  as  separate  from  the 
folding  department,  while  others  believe  in  combining  both  depart- 
ments, that  is,  placing  inspectors  and  folders  side  by  side — two 
folders  to  each  inspector.  Hence,  it  will  be  seen  that  for  the 
first  two  methods  mentioned  a  system  of  general  illumination 
would  be  preferable  and  that  it  would  be  desirable  to  have  this 
illumination  of  a  daylight  color  value.     In  the  third  case,  how- 
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ever,  the  tables  can  be  arranged  so  as  to  make  it  possible  to  supply 
the  inspectors  with  a  local  color  matching  unit,  whereas  the 
folders  can  be  supplied  with  illumination  from  the  ordinary- 
incandescent  lamp.. 

FITTING  ROOM. 

The  requirements  in  the  fitting  room  are  simple  and  do  not 
vary  to  any  great  extent.  A  medium  intensity  of  general  illumi- 
nation supplied  by  units  which  properly  diffuse  the  light  will 
prove  satisfactory  in  the  majority  of  cases. 

When  the  fitting  is  done  on  models,  no  thought  need  be 
given  to  the  decorative  features  of  the  fixtures.  However,  the 
illumination  should  be  such  as  to  eliminate  objectionable  shadows 
on  the  model,  and  if  possible  the  light  should  approximate  the 
color  value  of  that  under  which  the  garment  is  to  be  worn. 

In  cases  where  the  fitting  is  done  on  a  customer,  or  rather 
where  a  room  is  designed  for  that  purpose,  careful  attention 
should  be  given  to  the  decorative  features  of  the  fixtures.  Such 
a  condition  approximates  those  found  in  a  store  and  should  be 
treated  accordingly. 

PRESSING. 

Pressing  is  divided  into  two  classes,  that  is,  hand  pressing 
and  machine  pressing.  In  the  former,  broad  tables  are  employed, 
operators  standing  on  each  side.  Each  operator  has  a  buck 
which  stands  about  9  in.  from  the  table  and  is  about  2  ft.  long. 
On  this  most  of  the  pressing  is  done.  While  the  work  is  not 
of  St  particularly  fine  nature,  a  fairly  high  intensity  of  illumination 
is  required.  Since  the  operators  face  the  table,  a  localized 
general  system  of  illumination,  consisting  of  a  row  of  lamps  hung 
over  the  center  of  the  table  5  to  6  ft.  above  the  table  top  (see  Fig. 
i6)  or  a  well  designed  system  of  straight  general  illumination  will 
meet  the  requirements.  In  order  that  scorches  may  be  more 
easily  detected,  it  is  recommended  that  the  installation  of  day- 
light tungsten  lamps  be  considered  for  this  process.  With  illumi- 
nation of  a  color  value  approximating  daylight,  the  brown  or 
yellow  caused  by  the  scorch  will  be  more  easily  detected  than  if 
a  light  luiving  a  preponderance  of  yellow  rays  is  used. 
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When  ironing  machines  arc  used,  it  will  often  be  found 
desirable  to  utilize  a  system  of  localized  general  illumination, 
on  account  of  the  hability  of  shadows  being  cast  by  overhanging 
parts.  For  this  ser\ice  the  units  should  be  hung  almost  directly 
above  the  head  of  the  operator.  An  equipment  which  will  meet 
the  lighting  requirements  consists  of  the  standard  dome  reflector 
and  a  75-watt  l)owl-enameled  gas-filled  lamp  hung  alxjut  9  ft. 
from  the  floor. 

LAUNDERING. 

In  the  laundr)'  the  construction  of  much  of  the  machinery 
is  such  that  objectionable  shadows  may  be  encountered,  r 
the  lighting  equipment  is  carefully  selected  and  installed, 
the  many  overhanging  parts,  the  location  of  outlets  is  especially 
important.     Localized  general  illumination  is  recommended  for 
the  majority  of  operations  where  average  conditions  e.xist. 

As  mentioned  under  headings  of  pressing  and  inspecting, 
daylight  tungsten  lamps  are  quite  applicable  for  similar  opera- 
tions in  the  laundry-  as  an  aid  in  the  detection  of  spots,  stains  and 
scorches. 

STOCKROOM. 

The  layout  for  this  room  generally  consists  of  rows  of 
shelves  or  racks  on  which  the  finished  goods  are  placed  before 
being  shipped.  Since  it  is  necessar>'  to  read  the  lablcs  which  arc 
usually  in  small  print  or  writing  on  the  tag,  a  reasonably  good 
intensity  of  illumination  is  required.  A  satisfactor)-  method  of 
illumination  consists  of  locating  rows  of  units  down  the  center 
aisle  between  the  racks ;  a  reflector  giving  a  fairly  wide  spread 
being  usually  desirable.  Lighting  units  should  be  hung  at  a 
height  so  that  they  will  come  at  least  to  the  top  of  the  shelves 
and  preferably  slightly  higher.     Sevt  watt  bowl -frosted  or 

bowl  enameled  gas-filled  lamps  in  1  dome  reflectors  or 

shallow  dome  reflectors,  spaced  from  10  to  15  feet  centers  will 
supply  fairly  adequate  illumination. 

SAMPLE  AND  SHOWROOM. 

Here  the  problem  very  closely  reser*'   -  **^  /  '      '  •     ., 

store.     A  fairly  high  intensity  of  well 
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nation  will  meet  the  requirements.  Care  should  be  exercised  in 
the  selection  of  fixtures  in  order  that  the  proper  decorative 
element  will  be  obtained.  The  employment  of  either  semi-direct 
or  totally  indirect  lighting  fixtures  would  be  justified  in  this  case. 
Under  some  conditions  the  use  of  the  daylight  tungsten  lamp 
will  prove  advantageous,  this  being  true,  of  course,  if  the  goods 
on  display  are  of  such  a  nature  that  it  is  desired  to  bring  out  the 
colors  in  the  true  form,  or  where  it  is  desirable  to  discriminate 
between  different  colors.  Under  the  most  exacting  conditions 
of  color  discrimination,  it  is  recommended  that  the  more  accurate 
form  of  color  matching  units  be  employed. 

PACKING  AND  SHIPPING. 

The  requirements  for  this  class  of  work  present  no  great 
difficulty.  A  system  of  general  illumination  with  a  reasonable 
intensity  will  suffice.  Approximately  i  watt  per  square  foot  will 
supply  adequate  illumination.  The  type  of  reflector  which  meets 
the  demand  in  the  majority  of  cases  is  the  standard  dome.  Light- 
ing units  should  be  so  installed  that  there  will  be  no  great  variation 
in  intensity  and  a  reasonable  minimum  of  objectionable  shadows. 

CONCLUSION. 

There  are,  of  course,  several  other  departments  in  the  modern 
clothing  establishments  which  have  not  been  mentioned.  How- 
ever, the  writers  have  endeavored  to  cover  the  principal  ones  and 
in  so  doing  believe  that  the  types  of  lighting  suitable  for  all  have 
been  mentioned.  The  nature  of  the  unmentioned  departments' 
work  is  similar  in  character  to  one  of  those  described,  and  there- 
fore, similar  lighting  requirements  will  prevail.  The  proper  light- 
ing systems  and  desirable  lighting  intensities  for  various  processes 
in  the  manufacture  of  clothing  are  set  forth  in  the  accompanying 
tables — 
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G  : — System  of  general  illumination 


Operation 

Ha 

ts 

Sy.stem 

Inten.sity  in 
ft.  cdls 

Machine  sewing 

L&G 

h.  15—20 
G.  4-6 

Hand  sewing 

LG 

8—10 

Pressing  and  ironing 

LG 

5—10 

Examining 

LG 

10 

Braiding 

LG 

6—8 

Fur  room 

LG 

6—8 

Blowing 

LG 

4-6 

Forming  and  hardening 

LG 

6—8 

Sizing 

G 

5-6 

Stiffening 

G 

5-6 

Stretching  and  blocking 

G 

5-6 

Finishing 

LG 

8-10 

Sample  and  show  room 

G 

10 — 12 

Stock  and  shipping 

G 

2—6 

Symbols  <  1,  G  ;— lyocalized  general  system 

(  I^  &  G  : — I,ocal  and  general  systems  combined 


DISCUSSION 

E.  D.  TiLLSON  :  To-day  and  on  other  occasions  we  have 
heard  Mr.  Goodwin  expound  in  a  splendid  way,  his  plan  of  co- 
operation between  the  central  station  man,  the  manufacturer,  the 
jobber,  the  contractor,  the  dealer  and  the  consulting  illuminating 
engineer.  Each  is  to  be  active  in  his  legitimate  sphere,  and  shall 
not  covet  anything  that  is  his  neighbors. 

But  has  not  Mr.  Oday  "spilled  the  beans"  on  Mr.  Goodwin,  as 
it  were?  He  says  that  there  were  quite  a  number  of  small  sweat 
shops  where  it  did  not  pay  the  contractor  to  fix  up  the  lighting.  I 
would  go  even  further  and  say  that  in  every  city  there  are  thou- 
sands of  primitively  lighted  factory  premises  that  do  not  interest 
the  jobber,  contractor,  dealer  or  consulting  engineer  in  the  least — 
why? — because  "there  is  no  money  in  it" — they  are  too  small.  But, 
they  should  be  fixed  up,  and  the  central  station  is  very  much  inter- 
ested in  seeing  it  done.     If  no  one  else  will  do  the  job,  the  central 
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Station  must,  even  if  it  breaks  every  one  of  Mr.  (ioodwin's  rules 
in  the  attempt. 

Every  disgracefully  lighted  factor}'  sets  a  low  example  to 
hundreds  of  other  customers  of  the  central  station,  something  the 
latter  cannot  ignore,  and  the  utility  is  the  only  one  I  can  think  of 
ofT-hand  that  can  afford  to  remedy  the  condition,  since  its  return 
is  not  in  the  fonii  of  a  few  dollars  of  merchandise  sold,  but  in 
added  power  consumption  of  this  customer  and  others,  that  may 
extend  many  years  into  the  future.  In  other  words,  the  central 
station  is  the  only  one  that  has  a  permanent  stake  in  that  cus- 
tomer. 

Another  thing — good  lighting  is  not  merely  a  question  of 
what  is  installed,  and  by  whom — the  other  half  of  the  question  is 
maintenance,  and  with  verj'  few  exceptions,  I  have  never  seen  a 
manufacturer,  jobber,  contractor  or  dealer  who  cared  a  straw 
about  how  his  lighting  jobs  were  maintained,  once  installed — or 
ever  went  back  to  see  whether  they  were  maintained  or  not,  and 
the  owner  does  not  care,  we  all  know  that.  But,  the  central  sta- 
tion does  care,  which  is  one  reason  why  it  has  engineers  whose 
business  it  is  to  study  maintenance  and  put  it  into  effect.  The 
utility  with  which  I  am  connected,  for  example,  has  employed  a 
very  extensive  lighting  maintenance  division  for  a  number  of 
years. 

Then  again,  there  are  many  instances  whereby  using  adapters, 
inverters,  lamp-positioning  devices,  eye-shields,  etc.,  an  obsolete 
lighting  job  may  be  revamped  to  furnish  quite  a  fair  type  of  light- 
ing. Last  year  at  Cleveland,  Messrs.  Hogue,  Kirk  and  the  writer 
presented  a  paper  that  described  many  improvements  of  this  sort. 
Now,  you  could  not  get  a  jobber,  dealer  or  contractor  to  consider 
such  an  idea — too  much  service  is  involved — "there  is  no  monev 
in  it."  Of  course,  we  might  all  prefer  to  rip  out  the  old  job  of 
lighting  and  install  brand  new  equipment  throughout,  but  why,  if 
it  is  unnecessary?  And  uho  wants  one  of  these  revamping  jobs 
except  the  central  station  ? 

W.  L.  Goodwin  :  I  want  to  say  that  I  have  always  been  an 
advocate  of  the  central  station  doing  the  very  things  that  Mr.  Till- 
son  talks  about.  I  think  that  the  central  station  in  ever>-  com- 
munity should  assume  the  position  of  the  drum  major  in  the 
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parade,  but  they  should  set  a  step  and  play  a  tune  that  the  whole 
electrical  industry  would  be  glad  to  get  in  step  with.  In  other 
words,  if  the  central  station  realizes  the  need  of  doing  work  that 
the  merchandisers  in  the  industry  are  not  capable  of  doing,  that  is 
desirable,  but  recognize  simple  business  ethics,  and  conduct  the 
campaign  and  operations  on  the  same  basis  so  that  it  will  induce 
others  to  follow  the  practices  they  set,  they  are  giving  a  great  help. 
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THE  PATHOLOGICAL  EFFECTS  OF  RADL\TION 
ON  THE  EYE* 


BY  F.   H.  VKRHOEFF,  M.  I>. ,   AND  LOUIS  BKLL,   PH.   D. 


Synopsis 

The  liminal  exposure  capable  of  producing  photophthalmia 
is  in  terms  of  energy  2  X  10°  erg  seconds  per  square  cm.  of 
abioticf  radiation  of  the  character  derived,  for  example,  from  the 
quartz  lamp  or  the  magnetite  arc.  Abiotic  action  varies  inversely 
as  the  square  of  the  distance  of  the  light  source. 

The  period  of  latency  in  a  general  way  varies  inversely  with 
the  severity  of  the  exposure,  but  a  theoretical  latency  of  24  hours 
or  more  corresponds  to  an  exposure  entirely  subliminal. 

The  combined  effect  of  repeated  exposures  to  abiotic  radia- 
tions is  equivalent  to  that  of  a  continuous  exposure  of  the  same 
total  length,  provided  the  intermissions  are  not  long  enough  to 
establish  reparative  effects.  Approximately,  the  exposures  are 
additive  for  intermissions  of  somewhat  less  than  2J  hours. 

Abiotic  action  for  living  tissues  is  confined  to  wave-lengths 
shorter  than  305  nfi. 

Even  with  the  exposures  through  the  cornea,  as  great  as  one 
hundred  and  fifty  times  the  liminal  for  photophthalmia  the  lens 
substance  is  affected  to  a  depth  of  less  than  20  ^i,  and  this  sup- 
erficial effect  undergoes  in  the  rabbit  complete  repair. 

The  histological  changes  produced  by  abiotic  radiation  arc 
radically  different  from  those  produced  by  heat,  and  the  cell 
changes  are  best  seen  in  flat  preparations  of  the  lens  capsule. 

The  lens  protects  completely  the  retina  of  the  normal  eye 
even  from  the  small  proportion  of  feebly  abiotic  rays  which  can 
penetrate  the  cornea  and  vitreous. 

•A   pap«r   presented   at   the   .\nnual   ConTention   of  the    Uluminating  Engineering 
Society.  Rochester,  N.  V.,  September  26- iv,  19JI. 

t  The  term  "  nbiotic"  was  introduced  by  French  obserrers  to  indicate  the  injurious 
effect  of  ultra-violet  liKht  on  living  matter. 
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Experiments  on  rabbits,  monkeys  and  the  human  subject 
prove  that  the  retina  may  be  flooded  for  an  hour  or  more  with 
Hght  of  extreme  intensity  (not  less  than  50,000  lux),  without 
any  sign  of  permanent  injury. 

The  retina  of  the  aphakic  eye,  owing  to  the  specific  and  gen- 
eral absorption  of  abiotic  radiations  by  the  cornea  and  the  vitre- 
ous body,  is  adequately  protected  from  injury  from  any  exposures 
possible  under  the  ordinary  conditions  of  life. 

To  injure  the  cornea,  iris,  or  lens,  by  the  thermic  effects  of 
radiation,  requires  a  concentration  of  energy  obtainable  only 
under  extreme  experimental  conditions. 

Infra-red  rays  have  no  specific  action  on  the  tissues  analo- 
gous to  that  of  abiotic  rays. 

Actual  experiments  made  on  the  human  eye  show  con- 
clusively that  no  concentration  of  radiation  on  the  retina  from 
any  artificial  illuminant  is  sufficient  to  produce  injury  thereto 
under  any  practical  conditions. 

Eclipse  blindness,  the  only  thermic  effect  on  the  retina  of 
common  occurrence  clinically,  is  due  to  the  action  of  the  concen- 
trated heat  on  the  pigment  epithelium  and  chorioid,  this  heat 
being  almost  wholly  due  to  radiations  of  the  visible  spectrum. 

The  abiotic  energy  in  the  solar  spectrum  is  a  meager  rem- 
nant between  wave-lengths  295  />t/i  and  305  u/x,  aggregating 
hardly  a  quarter  of  one  per  cent  of  the  total.  At  high  altitudes 
and  in  clear  air  it  is  sufficient  to  produce  slight  abiotic  effects 
such  as  are  noted  in  snow  blindness  and  solar  erythema.  The 
amount  of  abiotic  energy  required  to  produce  a  specific  effect  in 
solar  erythema  is  substantially  the  same  as  that  required  for  mild 
photophthalmia. 

Erythropsia  is  not  in  any  way  connected  with  the  exposure 
of  the  eye  to  ultra-violet  radiations,  but  is  merely  a  special  case 
of  color  fatigue. 

Vernal  catarrh  and  senile  cataract  we  can  find  no  evidence 
for  considering  as  due  to  radiations  of  any  kind. 

Glass  blowers'  cataract  is  not  due  to  abiotic  action,  but  is 
probably  due  to  the  overheating  of  the  eye  as  a  whole  with  con- 
sequent disturbed  nutrition  of  the  lens. 
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Commercial  illuminants  \vc  find  to  be  entirely  free  of  danger 
under  tlie  ordinary  conditions  of  their  use,  even  when  acciden- 
tally used  without  their  globes.  The  glass  enclosing  globes  used 
with  all  practical  commercial  illuminants  are  amply  sufficient  to 
reduce  any  abiotic  radiations  very  far  below  the  danger  point. 

Under  ordinary  conditions  no  glasses  of  any  kind  are  re- 
quired as  protection  against  abiotic  radiations.  For  protection 
against  abiotic  action  in  experimentation,  or  in  the  snow  fields, 
ordinary  colored  glasses  are  quite  sufficient. 

The  fundamental  purpose  of  this  investigation  has  been  to 
discover  w'hat  if  any  pathological  eff^ects  can  be  produced  upon 
the  structure  of  the  eye  by  exposure  to  artificial  or  natural  >ources 
of  light.  That  such  action  may  occur  under  sufficiently  powerful 
exposure  to  radiant  energA'  is  certain,  but  the  essential  fact  is  the 
discovery  of  the  quantitative  relations  between  the  amount  of 
incident  energ>'  and  the  effects.  These  relations  have  generally 
been  left  quite  out  of  the  reckoning  in  discussing  the  subject, 
with  the  result  of  leading  to  vague  and  often  quite  unwarranted 
conclusions  as  irrelevant  as  if  one  should  condemn  steam  heating 
as  dangerous  because  one  can  bum  his  finger  upon  a  radiator. 

One  of  us  has  investigated  recently  the  energ)'  relations  of 
the  radiation  from  various  sources  of  light  both  natural  and 
artificial,  and  the  intent  of  the  present  investigation  has  been  to 
determine  by  actual  experiment  on  the  eye  the  quantitative  and 
qualitative  eff^ects  of  radiant  energ)-  on  the  conjunctiva,  cornea, 
iris,  lens  and  retina. 

With  the  introduction  of  the  electric  arc,  mild  cases  of 
ocular  trouble  due  to  over  exposure  to  the  arc  began  to  attract 
attention,  at  first  nearly  a  half  a  century  ago.  and  the  subject 
has  occupied  an  increasing  space  in  the  literature  ever  since. 
More  recently  attention  has  been  particularly  drawn  to  the  ultra 
violet  radiation  as  productive  of  these  pathological  conditions, 
and  most  of  the  investigations  bearing  on  the  general  subject 
have  been  directed  toward  the  study  of  the  specific  action  of  the 
ultra  violet.  It,  therefore,  becomes  of  fundamental  importance 
to  examine  the  eff^ects  of  radiant  energy  with  special  reference 
to  their  relation  to  the  wave  length  of  the  radiation. 
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The  rationale  of  the  chemical  effect  of  radiation  seems  to  be 
that  while  all  radiation  transfers  energy  to  the  molecules  which 
absorb  it  and  produce  heat,  certain  particular  wave  frequencies 
fall  into  step,  as  it  were,  with  the  oscillation  periods  which  de- 
pend on  the  molecular  structure,  and  so  break  up  the  molecules 
when  the  energy  absorbed  is  sufficient.  The  particular  kind  of 
radiation  which  produces  this  direct  action  depends  on  the  charac- 
ter of  the  molecules.  Thus,  for  instance,  the  green  modification 
of  silver  bromide  is  readily  broken  up  by  radiation  of  wave 
length  as  great  as  i  /i,  while  it  requires  radiation  of  double  this 
frequency  to  affect  ordinary  silver  bromide,  and  the  molecules  of 
living  protoplasm  begin  to  break  up  only  when  the  wave  length 
is  down  ^o  about  300  ixfx  as  we  shall  show. 

PhOTOPHTHAIvMIA 

Inasmuch  as  most  of  the  pathological  changes  in  the  eye  ob- 
served, after  exposure  to  light,  either  clinically  or  experimentally, 
have  been  ascribed  to  the  action  of  the  ultra  violet  part  of  the 
spectrum,  it  is  with  this  that  our  work  has  chiefly  been  done, 
although  we  have  also  examined  the  effect  of  the  other  radiations 
which  are  received  from  natural  or  artificial  sources. 

Our  first  aim  was  to  ascertain  what  quantitative  relations 
existed  between  the  incidence  of  energy  on  the  eye  and  the 
pathological  effects  which  might  follow.  Especially  we  desired 
to  ascertain  whether  these  effects  were  proportional  to  the  in- 
cident energy  and  hence  to  such  primary  lesions  as  might  be 
produced  by  it,  or  serve  to  set  in  train  pathological  changes  of 
an  extent  not  proportionate  to  the  primary  inducing  cause.  To 
this  end  we  first  turned  out  attention  to  the  so-called  opthalmia 
electrica  or  photophthalmia,  at  once  the  earliest  known  and  com- 
monest of  the  superficial  pathological  effects  of  radiation. 

An  ordinary  clinical  case  of  photophthalmia  as  observed  after 
exposure  to  arc  lights,  short  circuits,  and  the  like,  commonly 
takes  the  following  course.  After  a  period  of  latency,  varying 
somewhat  inversely  with  the  severity  of  the  exposure,  but  usually 
several  hours,  conjunctivitis  sets  in  accompanied  by  erythema*  of 
the  surrounding  skin  of  the  face  and  eyelid.  There  is  the  sen- 
sation of  foreign  body  irritation,  more  or  less  photophobia,  lacri- 

♦redness. 
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mation,  and  the  other  ordinary  symptoms  of  slight  conjunctivitis. 
Occasionally  there  is  some  swelling  of  the  conjunctiva.  The 
symptoms  usually  pass  oti  in  two  or  three  days,  and  in  severe 
cases  there  may  be  scaling  of  the  affected  skin  around  the  eye.  In 
a  very  few  instances  the  cornea  has  been  slightly  and  temporarily 
affected.  There  is  almost  always  immediately  following  the  ex- 
posure, and  quite  unconnected  with  the  photophthalmia  proper, 
the  ordinary  results  of  a  glare  of  light  in  the  eyes,  persistent  after 
images,  occasional  scotomata,  erythropsia  and  xanthopsia. 

Our  first  series  of  experiments  was  concerned  with  the  rela- 
tion between  cause  and  effect  in  photophthalmia  of  rabbits  fol- 
lowing exposure  to  a  powerful  source  of  ultra  violet  radiation. 
As  the  source  of  energ}'  we  employed  a  quartz  mercury  lamp 
operating  on  220  volt  circuit  and  normally  taking  3.5  amperes 
with  about  90  volts  across  the  terminals  of  the  tube.  This  was 
the  same  lamp  of  which  the  radiation  has  already  been  studied 
by  one  of  us  and  which  furnishes  by  far  the  best  source  of  energy 
for  such  experiments,  inasmuch  as  its  ultra  violet  radiation  is 
powerful  and  the  light  after  running  twenty  to  thirty  minutes  to 
heat  up  is  extraordinarily  steady.  It  is  also  remarkably  advan- 
tageous in  the  distribution  of  energv'  in  its  spectrum,  since  it 
gives  off  relatively  little  radiation  of  long  wave  length,  the  nearer 
infra  red  legion  being  particularly  weak,  so  that  results  obtained 
by  it  are  not  complicated,  save  in  some  experiments  with  bacteria, 
by  any  effects  due  purely  to  temperature.  Although  there  is 
considerable  heat  loss  in  the  lamp  it  is  nearly  all  in  the  form  of 
heat  waves  of  very  long  wave  length  which  are  wholly  cut  off 
by  a  cell  containing  pure  water,  the  infra  red  lines  of  the  spec- 
trum being  very  few.  As  respects  the  radiation  from  this  lamp, 
therefore,  it  is  practically  all  in  the  visible  and  ultra  violet  por- 
tions of  the  spectrum,  35  per  cent  being  in  the  visible  spectrum 
itself  and  65  per  cent  in  the  ultra  violet  between  wave  lengths 
400  fLfi  and  200  nfi.  This  65  per  cent  is  equally  divided  between 
wave  lengths  400  fifi  to  300  nn  and  300  fifi  to  200  fifi,  as  one  of  us 
has  already  shown.  As  the  lamp  was  run  the  total  radiation  of 
energy  having  wave  lengths  less  than  400  fifi  at  a  distance  of 
50  cm.  from  the  tube  was  to  a  very  close  approximation  11,000 
ergs  per  second  per  square  cm.,  of  which  5,500  ergs  per  square 
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cm.  of  energy  were  of  wave  length  less  than  300  fifi.     At  dis- 
tances other  than  the  standard  one   here   noted,   the   radiation 
follows  the  law  of  inverse  squares  with  substantial  precision. 
Deitermination  of  Liminal  Exposure; 

As  a  starting  point  in  our  experiments  it  was  necessary  to 
determine,  using  the  standard  source  just  described,  how  long 
exposure  at  some  known  distance  was  necessary  in  order  to 
produce  clearly  marked  symptoms  of  photophthalmia.  Our  ex- 
perimentation throughout  the  work  has  been  chiefly  with  rabbits, 
since  these  animals  have  been  generally  used  by  other  experi- 
menters and  the  characteristics  of  their  eyes  have  therefore  be- 
come fairly  well  known. 

After  a  few  preliminary  trials  we  found  that  the  occurrence 
of  slight  conjunctivitis  was  less  readily  determinable  than  the 
damage  to  the  corneal  epithelium  showing  in  the  reflection  of 
light  from  the  cornea  by  a  slight  irregular  crackled  appearance 
giving  way  after  stronger  exposures  to  faint  stippling.  A  still 
greater  severity  of  exposure  produces  faint  haziness.  We  also 
tried  staining  with  fluorescine  as  index  of  damage  to  the  epi- 
thelium, but  found  in  the  first  stages  disturbance  of  the  corneal 
light  reflection  a  more  reliable  guide.  This  indicates  a  some- 
what more  severe  exposure  than  produces  the  first  trace  of  con- 
junctivitis, but  its  presence  or  absence  is  quite  definite  whereas 
the  conjunctivitis  may  not  be  easy  to  determine  if  the  rabbit's 
eyes  are  naturally  somewhat  reddened. 

The  minimum  exposure  at  0.5  meter  required  to  produce  the 
first  signs  of  pathological  change  on  the  surface  of  the  cornea 
was  determined  to  be  six  minutes. 

Verification  of  Law  of  Invfrsf  Squares 

The  outcome  of  this  series  of  experiments  was  that  radiation 
from  the  mercury  vapor  lamp  to  the  amount  of  4  X  10*^  erg- 
seconds  per  square  cm.  is  required  to  set  up  the  first  definite 
symptoms  of  photophthalmia.  This  assumes  that  the  effect  is 
proportional  to  time,  in  other  words,  that  the  pathological  results 
are  determined  by  the  total  amount  of  energy,  and  the  next  series 
of  experiments  was  directed  to  the  establishment  of  the  truth  or 
falsity  of  this  assumption.  For  this  purpose,  having  ascertained 
the  liminal  exposure  for  a  single  distance,  0.5  meter,  exposures 
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were  ma<!e  at  various  distajices  for  iiiiics  computed  for  equal 
total  radiation,  assuming  the  law  of  inverse  squares  to  hold  for 
the  relative  intensities.  For  example,  at  i  meter  the  time  re- 
quired to  produce  the  determining  symptoms,  assumingf  the  law 
of  inverse  squares,  should  be  four  times  that  required  for  0.5 
meter,  which  was  found  to  be  closely  the  case.  By  rei>eaied  ex- 
IMrriments  at  distances  varying  from  about  20  cm.  to  2.5  meters, 
the  inverse  square  law  was  verified  over  a  range  of  radiation 
intensities  in  the  ultra  violet  varying  from  72,000  ergs  per  square 
cm.  per  second  down  to  455  ergs  per  second  per  square  cm.,  at  a 
range  in  other  words  of  156  to  i.  Since,  as  we  shall  show  later, 
the  rays  which  are  able  to  injure  cells  by  chemical  action  are  only 
those  of  wave  lengths  below  305  /i^,  these  present  experiments  of 
ours  show  that  the  critical  amount  of  such  radiation  required  to 
set  up  well  marked  photophthalniia  is  approximately  2  X  lo* 
erg-seconds  per  square  cm.  In  other  words  only  half  of  the 
total  ultra  violet  already  specified  is  effective  in  producing  such 
symptoms. 
The  Effects  of  Repeated  Exposures  to  Abiotic  Radiations 

A  natural  corollory  of  the  proposition  that  the  pathological 
effects  of  abiotic  rays  on  the  cornea  are  proportional  to  the 
energy  is  that  at  least  for  brief  intermissions  the  effects  of  re- 
peated short  exposures  are  equivalent  to  their  sum  in  a  single  long 
exposure.  This  is,  of  course,  subject  to  the  general  qualification 
that  reparative  processes  are  steadily  going  on,  tending  rather 
Ijadually  to  the  healing  of  injured  tissue.  An  ordinary  case  of 
photophthalniia  completely  di.sappears  in  less  than  a  week  and 
repair  is  going  on  all  through  this  period.  It  is  obviously  possible 
also  that  apparent  complete  recovery  may  still  leave  the  tissues 
slightly  hypersensitive  to  further  injury.  We  therefore  set  about 
investigating  the  effects  of  repeated  exposures,  both  liminal  and 
subliminal,  to  ascertain  the  additive  effect  of  short  exposures, 
the  rate  at  which  the  reparative  processes  proceeded,  the  com- 
pleteness of  their  work,  and  the  possible  effects  of  secondar)'  re- 
actions incidental  to  the  main  pathological  effects. 

The  experiments  on  subliminal  exposures  repeated  at  inter- 
vals of  a  few  minutes  to  an  hour  or  more,  show  clearly  that 
within  24  hours  the  energ>'  effects  are  simply  additive,  intermis- 
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sions  within  this  time  evidently  being  too  short  for  reparative 
action  to  take  place.  The  discovery  of  this  fact  is  important 
since  it  shows  that  with  any  source  of  abiotic  rays  it  is  the  total 
exposure  that  counts,  and  that  the  effect  of  this  total  exposure, 
if  within  24  hours,  can  be  calculated  from  the  data  already  given. 

The  next  phase  of  the  investigation  dealt  with  subliminal 
exposures  at  intervals  of  one  or  more  days,  such  as  might  occur 
in  actual  use  of  sources  rich  in  abiotic  radiation.  The  results 
show  that  an  exposure  of  one-sixth  the  liminal  repeated  every 
24  hours  for  52  days  has  no  visible  effect  on  the  cornea  or  con- 
junctiva. An  exposure  of  one-third  the  liminal  repeated  every 
48  hours  has  a  slight  effect  on  the  cornea  after  seven  to  nine 
exposures,  which  however  gradually  disappears  in  spite  of  the 
exposures  being  continued.  A  daily  exposure  of  one-third  the 
liminal  begins  to  produce  a  reaction  after  six  exposures. 

Determination  oe  the  Limit  of  Abiotic  Action  with 
Respect  to  Wave  Length 
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Fig.  I. — Variation  of  Abiotic  power  with  wave  length.     (Plotted  from  Henri's  Results.) 
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The  critical  wave  Icnjjih  at  which  abiotic  action  on  tissue 
ceils  ceases  has  not  hitherto  been  accurately  determined.  For 
bacteria  it  has  been  found  to  be  about  wave  length  J95  /*/«.  In 
this  connection  the  observations  of  M.  et  Mme.  Henri  are  im- 
portant. These  observers  determined  the  coetlicient  of  absorption 
of  egg  albumin  for  various  wave  lengths  and  found  that  the 
results  corresponded  closely  with  the  time  value  of  bactercidal 
action  for  the  wave  lengths  tested.  The  curve  of  absorption 
plotted  from  their  results  shows  that  the  abiotic  action  of  light 
with  reference  to  wave  length  may  be  expected  to  diminish  rapidly 
and  terminate  at  about  310  /i/i.  The  experiments  of  Widmark, 
Hess,  and  Martin,  in  which  the  lens  epithelium  was  injured  by 
exposures  through  the  cornea,  prove  conclusively  that  295  /i/i 
is  not  the  limit  for  human  cells,  since  the  cornea  obstructs  all 
waves  less  than  295  /x/i  in  length.  It  has  frenquently  been  as- 
sumed that  there  is  no  actual  limit  of  abiotic  action  but  that  the 
latter  exists  in  a  diminishing  degree  through  the  entire  spectrum. 
Theoretically  this  may  be  true,  but  practically  it  is  not,  as  our 
experiments  show,  and  for  the  following  two  reasons,  namely, 
first,  that  in  the  case  of  the  longer  waves  and  moderate  light 
intensities  the  abiotic  action  is  so  slight  as  to  be  readily  over- 
come by  the  physiological  activities  of  the  cells,  and  second,  that 
in  the  case  of  the  longer  waves  and  intensities  theoretically  suf- 
ficient to  produce  abiotic  effects  the  cells  are  destroyed  by  heat 
action,  so  that  there  is  no  opportunity  for  abiotic  effects  to  be- 
come manifest. 

For  the  experimental  imestigation  of  this  problem  the  cornea 
and  lens  are  of  all  the  tissues  of  the  body  the  most  suitable.  This 
is  so  because,  owing  to  their  great  transparency,  extreme  light  in- 
tensities are  required  to  produce  heat  effects  in  them  sufficient  to 
mask  abiotic  effects.  The  conjunctiva  and  skin  are  far  less 
suitable  for  this  purpose  because  when  the  limit  of  abiotic  action 
with  respect  to  wave  length  is  approached  the  hyperemia  due  to 
heat  action  overshadows  that  due  to  abiotic  action. 

In  this  investigation  it  was  necessary'  to  abandon  the  use 
of  the  quartz  mercury  lamp  employed  in  the  earlier  experiments. 
The  spectrum  of  this  source  has  conspicuous  gaps  in  the  ver>' 
region  to  be  examined  for  the  purpose  in  hand.  In  fact  there  arc 
only  three  rather  widelv  separated  lines  in  this  entire  debatable 
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region  within  which  the  limit  sought  was  known  to  lie.  We 
therefore  turned  to  the  commercial  magnetite  arc  as  the  most 
convenient  available  source  since  this  had  already  been  found  by 
one  of  us  to  be  particularly  rich  in  the  extreme  ultra  violet.  The 
spectrum  is  especially  rich  in  lines  between  330  fxfi  and  290  ju,/x. 
Beyond  this  the  intensity  falls  off  noticeably.  The  source  is  thus 
particularly  well  adapted  for  work  in  the  region  here  investigated. 
The  lamp  used  took  approximately  9  amperes  at  the  arc  which 
consumed  approximately  750  watts.  The  energy  in  the  ultra 
violet  from  wave  length  390  /x/x,  was  about  15,000  ergs  per  second 
per  square  cm.  at  0.5  meter  standard  distance  ,of  which  approxi- 
mately 3500  ergs  was  below  300  fx/x. 

For  determining  the  wave  length  at  which  abiotic  effects 
on  the  cornea  and  lens  cease,  the  use  of  suitable  screens  is  very 
much  preferable  to  attempts  at  using  the  spectrum  formed  by  a 
quartz  prism  as  the  source  of  energy.  This  is  for  the  reason  that 
with  screens  one  can  obtain  an  enormously  greater  amount  of 
energy  than  it  is  practicable  to  get  by  passing  the  radiation 
through  a  slit,  collimating  lens  and  prism,  especially  in  cases 
where  a  considerable  area  like  that  of  the  cornea  must  be  covered. 
In  our  experiments  seven  screens  were  employed  of  which  the 
absorption  was  definitely  ascertained  by  the  spectrograph. 

For  producing  intensive  exposures,  and  particularly  for  work 
on  the  retina  the  magnetite  arc  here  described  was  reenforced 
by  the  use  of  a  quartz  lens  system.  For  one  set  of  experiments 
we  employed  two  piano  convex  quartz  lenses  each  of  42  mm. 
diameter  and   18  cm.   focal  length.     These  two  were  generally 


Fig.    2. — Quartz   condensing  system.     Screens   omitted   for   simplicity. 

employed  placed  with  the  plane  faces  in  contact  either  with  each 
other  or  with  one  of  our  screens,  making  in  fact  a  single  lens  of 
9  cm.  focal  length  for  parallel  rays.  This  lens  was  placed  20  cm. 
from  the  arc,  an  image  of  which  was  formed  14  cm.  beyond  it, 
at  which  point  the  eye  was  placed.  In  another  set  of  experiments 
the  apparatus  was  assembled  as  shown  in  Figure  2.    The  lenses 
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referred  to,  B,  were  placed  at  12  cm.  from  the  arc  flame  A.     In 
the  conver^ng  cone  of  rays  prothiced  l)y  H,  was  placed  at  a  dis- 
tance of  12  cm.  therefrom  a  double  convex  lens  C  of  quartz  cut 
across  the  axis,  2^  mm.  in  diameter  and  of  14  mm.  focal  len^jth 
for  parallel  rays.     In  the  combination  used,  C  brought  the  rays 
to  a  focus  at  about  12  mm.  from  its  outer  apex  at  or  near  which 
point  the  cornea  of  the  eye  D  was  located  in  the  experiments. 
The  path  of  the  rays  is  shown  by  the  dotted  lines  in  the  figure. 
The  effect  of  the  arrangement  was  to  pass  through  the  cornea  a 
strongly  diverging  pencil  producing  a  circle  of  intense  light  on 
the  retina.    The  axial  length  of  the  ordinary  rabbit's  eye  is  about 
16.5  mm.  and  the  ordinary  diameter  of  the  area  of  intense  illum- 
ination produced   by  our  apparatus   was  about    1 1    mm.   at   the 
retina  as  was  determined  by  actual  experiment  upon  a  freshly 
removed  eye.     With  this  apparatus  a  large  amount  of  energy 
could  be  concentrated  on  any  required  area  at  or  within  the  sur- 
face of  the  cornea  or  lens,  and  by  aid  of  these  lens  systems  we 
were   able  to   obtain   exposures   enormously   more   severe   than 
could  possibly  be  obtained  from  artificial  light  sources  in  ordinary 
use  or  than  have  ever  been  obtained  by  previous  exi>erimenters 
in  this  field.    The  crucial  experiments  showed  that  for  light  of 
extreme  intensity  no  effects  either  abiotic  or  thermic,  were  pro- 
duced on  the  cornea  or  lens  epithelium  by  an  exposure  of  Jl'j 
hours  to  waves  over  315  ,1,1  in  length,  and  that  no  abiotic  effects 
but  slight  thermic  effects  were  produced  by  light  containing  wave 
lengths  of  310  fxfi  and  longer.    Light  containing  wave  lengths  of 
305   fifi  and   longer,   produced   marked   thermic   effects   but   no 
abiotic  effects  after  one  hour  exposure,  but  after  i^^  hours  ex- 
posure produce  marked  thermic  effects  and  the  slightest  possible 
trace  of  abiotic  effects. 

The  insignificance  of  the  abiotic  action  at  wave  length  305  ^1^ 
becomes  more  apparent  when  the  equivalent  critical  time  is  com- 
puted for  exposure  to  the  direct  radiations  from  the  magnetite 
arc.  Our  exi>eriments  show  that  the  intensity  of  liglit  at  the 
focus  of  the  double  lens  system  is  at  least  ciglitecn  times  the 
intensity  of  the  bare  arc  at  a  distance  of  20  cm.  This  means  that 
to  obtain  slight  loss  of  corneal  epithelium  with  direct  waves  of 
305  fifi  in  length  from  the  magnetite  arc,  an  exposure  of  jy  hours 
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at  a  distance  of  20  cm.  or  an  exposure  of  28  days  at  a  distance 
of  I  meter  would  be  required. 

Comparing  the  results  obtained  with  the  quartz  mercury 
vapor  lamp  and  those  with  the  magnetite  arc  it  is  found  that  the 
abiotic  activity  of  the  entire  spectrum  of  each  is  in  about  the 
ratio  of  6  for  the  mercury  lamp  to  5  for  the  magnetite  arc.  This 
ratio  holds  with  and  without  the  crown  screen  (295  fifi). 

These  ratios  obtained  from  the  pathological  effects  are  in 
fairly  close  accord  with  those  derived  from  the  experiments  of 
one  of  us  by  purely  radiometric  methods.  Taking  average  con- 
ditions of  the  two  sources  here  referred  to,  the  abiotic  radiations 
from  quartz  lamp  should  aggregate  about  4200  ergs  per  second 
per  square  cm.  at  the  standard  distance  of  0.5  meter.  The  mag- 
netite arc  as  used  gave  abiotic  radiations  aggregating  about  3300 
ergs  per  second  per  square  cm.  at  the  same  distance.  The  ratio 
between  thes  two  quantities  is  5  to  6.35  as  compared  with  the  5 
to  6  of  the  pathological  results,  an  agreement  quite  as  close  as 
could  reasonably  be  expected  considering  the  nature  of  the  case. 

The;  Character  of  the  Reactions  oe  the  Ocuear  Tissues  to 

Abiotic  Radiations 

conjunctiva  and  cornea 

Clinical :  Our  experiments  show  that  the  effects  on  the  con- 
junctiva and  cornea  of  moderate  exposures  of  waves  less  than 
295  [xjx  in  length  do  not  differ  qualitatively  in  their  clinical  aspects 
from  those  produced  by  longer  exposures  to  waves  from  295  /x/i 
to  305  [xfi  in  length.  Severe  exposures,  however,  produce 
markedly  different  effects  on  the  cornea  in  the  case  of  the  short 
waves  than  in  the  case  of  the  longer  waves,  owing  to  the  fact 
that  the  latter  are  not  fully  absorbed  by  the  corneal  stroma. 

After  exposure  of  a  rabbit's  eye  to  light  containing  abiotic 
rays,  no  immediate  changes  take  place,  however  great  the  in- 
tensity, provided  a  heat  effect  is  not  produced,  and  symptoms  of 
irritation  do  not  usually  appear  for  several  hours.  In  other 
words,  there  is  a  latent  period  before  any  visible  effects  are 
produced.  This  exists  not  only  as  regards  clinical  symptoms 
but  also  as  regards  histological  changes.  In  a  general  way  it 
varies  inversely  as  the  severity  of  the  exposure,  but  in  no  case  is 
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the  first  ap|>carancc  of  sympioms  delayed  longer  than  twenty- 
four  hours.  That  is  to  say,  a  latency  longer  than  this  corrcs|xjnds 
to  an  exposure  too  slight  to  produce  any  demonstrable  effects. 
The  shortest  latent  period  observed  by  us  was  thirty  minutes. 
This  occurred  after  intense  exposure  to  the  shon  waves  of  the 
magnetite  arc.  The  least  effect  that  occurs  after  exposure  to 
abiotic  radiation  consists  in  slight  congc>tion  of  the  cx>njunctiva. 
After  more  intense  exposures  the  congestion  is  correspondingly 
greater  and  is  associated  with  swelling  and  purulent  discharge. 
There  also  may  be  conjunctival  ecchymoses.  The  cornea,  after 
exf)osures  sufficient  to  produce  slight  conjunctivitis,  remains  clear 
and  shows  only  slight  stippling  of  the  surface.  After  longer  ex- 
posures the  cornea  becomes  hazy  in  a  rather  shan>ly  defined  cen- 
tral area.  This  delimitation  is  no  doubt  due  chiefly  to  the  fact 
that  the  rays  strike  the  periphery  of  the  cornea  obliquely  so  that 
there  is  less  light  here  per  unit  area,  and  to  a  less  extent  to  the 
greater  loss  by  reflection  at  the  periphery.  Over  the  central  area 
the  epithelium  shows  marked  stippling  and  is  then  cast  off,  usu- 
ally, however,  not  until  about  24  hours.  The  loss  of  epithelium 
sometimes  cannot  be  determined  without  the  use  of  fluorescine 
staining,  owing  to  the  margins  of  the  defect  not  then  being  sharply 
defined.  This  is  due  to  the  fact  as  shown  by  microscopic  ex- 
amination, that  the  epithelium  usually  becomes  thinned  by  des- 
quamation before  solution  of  continuity  occurs.  The  haziness  of 
the  cornea  usually  reaches  its  maximum  in  about  48  hours,  when, 
as  will  be  pointed  out,  there  is  some  leucocytic  infiltration. 

After  3  days  the  purulent  conjunctival  discharge  becomes 
less,  but  it  may  not  entirely  subside  for  about  9  days.  The  corneal 
epithelium  is  usually  reformed  on  about  the  4th  day.  Haziness 
of  the  cornea  noticeably  begins  to  subside  in  3  to  10  days.  After 
five  weeks  only  a  slight  central  haze  remains.  Following  suf- 
ficiently intense  exposures,  new  vessels  are  seen  extending  into  the 
cornea  from  the  limbus  in  alxjut  six  days. 

The  conjunctival  reaction  that  occurs  after  moderate  ex- 
posure to  abiotic  radiations,  is  only  in  ver)'  small  part  reflexly 
due  to  irritation  of  the  cornea.  This  is  proved  by  several  ex- 
periments in  which  the  cornea  was  exjwsed  through  a  diaphragm 
which  protected  the  conjunctiva.    Here,  although  the  cornea  was 
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markedly  affected,  and  the  epithelium  destroyed,  the  conjunctiva 
showed  no  reaction  until  after  about  48  hours,  and  then  only 
slight  hyperemia. 

The  Iris 
Clinical.  Twenty-four  to  forty-eight  hours  after  an  ex- 
posure sufficient  to  injure  the  lens  epithelium,  the  pupil  becomes 
contracted  and  the  iris  shows  marked  congestion  and  minute  in- 
terstitial hemorrhages  in  the  exposed  region.  The  congestion 
quickly  subsides,  but  the  hemorrhages  may  remain  visible  for 
several  weeks. 

The  Character  oe  the  Changes  Produced  in  the  Lens  by 
Abiotic  Radiations 

In  none  of  our  experiments  was  an  opacity  of  the  lens  pro- 
duced sufficient  to  be  visible  through  the  cornea.  Even  when  the 
lens  was  examined  in  air  after  its  removal  from  the  eye  it  ap- 
peared perfectly  clear.  If,  however,  it  was  placed  in  normal  salt 
solution  it  showed  a  delicate  haziness  in  the  pupillary  area  48 
hours  after  a  severe  exposure. 

To  determine  the  effect  of  the  abiotic  radiations  upon 
the  lens  substance  the  lens  in  one  experiment  was  fixed  in  for- 
malin and  horizontal  sections  made  of  it.  The  magnetite  arc, 
water  cell  and  system  of  quartz  lenses  were  used  without  a  screen, 
and  the  exposure  was  20  minutes.  This  exposure  had  been  found 
to  produce  extreme  changes  in  the  capsular  epithelium.  The  eye 
was  enucleated  at  the  end  of  48  hours.  On  microscope  examina- 
tion the  lens  capsule  proper  is  found  unaltered,  while  the  epithe- 
lium shows  marked  changes.  The  lens  substance  is  definitely 
affected  but  only  for  a  microscopic  depth,  the  distance  beneath  the 
capsule  by  actual  measurement  nowhere  exceeding  20  /a. 

POSSIBLE  ABIOTIC  EFFECTS  OF  RADIANT  ENERGY 
ON  THE  RETINA 

It  might  be  supposed  that  if  a  source  of  light  is  not  sufficiently 
rich  in  abiotic  rays  to  damage  the  cornea,  the  retina  could  not  be 
injured  by  these  rays.  This,  however,  is  not  necessarily  true  be- 
cause if  the  source  of  light  is  so  small  in  size  that  the  area  of  its 
retinal  image  is  less  than  that  of  the  pupil,  the  intensity  per  unit 
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area  as  concerned  transmissible  rays  will  be  greater  on  the  retina 
than  on  the  cornea.  In  fact  under  certain  conditions,  and  with  a 
moderately  dilated  pupil  the  intensity  of  the  light  reaching  the 
retina  will  be  enormously  greater  than  the  same  light  as  it 
passes  through  the  cornea.  For  this  reason  it  will  be  seen  that  if 
the  transmissible  rays  were  capable  of  injuring  tissue  cells,  the 
macula  of  the  eye  might  be  seriously  damaged  in  ipite  of  the  fact 
that  the  cornea  and  lens  remained  unaffected.  This,  of  course, 
actually  happens  in  eclipse  blintlness  in  which,  however,  as  will 
be  pointed  out,  the  effect  is  due  entirely  to  heat  generated  in  the 
pigment  epithelium. 

There  are  two  conceivable  ways,  exclusive  of  heat  effects,  in 
which  the  retina  could  be  injured  by  light.  If  the  light  were 
sufhciently  intense  it  might  overstimulate  the  physiological  mech- 
anism uj)on  which  the  perception  of  light  is  dependent  and 
thus  lead  to  more  or  less  permanent  impairment  of  this  mechanism. 
It  is  obvious  that  such  an  effect  could  not  readily  be  produced  by 
light  of  wave  lengths  less  than  400  /ifi  since  the  latter  has  relatively 
little  power  to  stimulate  this  mechanism  even  in  aphakic  eyes. 
The  other  possibility  is  that  intense  light  might  injure  the  cells 
of  the  retina  by  abiotic  action  in  the  same  way  that  light  rays  of 
short  wave  length  injure  tissue  cells  in  general.  In  connection 
with  this  possibility  two  facts  previously  established  by  us  must 
be  taken  into  consideration,  namely  that  within  wide  limits  dis- 
continuous exposures  to  abiotic  rays  have  the  same  total  effect  as 
a  continuous  exposure  of  the  same  total  length,  and  that  there  is 
a  limit  below  which  such  summation  does  not  occur.  Thus  it 
would  a  priori  seem  possible  that  if  an  individual  fixed  a  bright 
source  of  light  many  times  daily,  serious  damage  to  the  macula 
might  result. 

The  problem  in  regard  to  the  retina  that  chiefly  concerns  us 
in  the  present  investigation  may  be  briefly  stated  thus:  exclusive 
of  a  heat  effect,  can  the  retina  of  the  human  eye  be  injured  by 
light  of  any  or  all  wave  lengths  that  can  possibly  reach  it  through 
the  cornea  and  lens?  In  attempting  to  answer  this  question  it  is 
important  first  to  inquire  whether  or  not  the  waves  that  are  able 
to  pass  throuu'h  the  dioptric  media  are  injurious  to  tissue  cells  in 
general.     If  ihcy  are  so  injurious  the  question  is  obviously  to  be 
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answered  in  the  affirmative.  If  they  are  not,  the  question  is  in 
all  probability  to  be  answered  in  the  negative,  but  not  perhaps 
with  absolute  certainty,  since  it  is  conceivable  that  the  retinal  cells 
are  more  susceptible  to  injury  by  light  than  are  other  tissue  cells. 

It  has  been  shown  by  Hallauer  and  others  that  the  adult 
human  lens  always  absorbs  all  waves  less  than  376  /x/x  in  length, 
and  usually  all  those  less  than  400  /x/x  in  length.  Now  we  have 
already  shown  that  the  corneal  epithelium  and  lens  capsule  are 
not  affected  in  the  slightest  degree  when  exposed  one  and  one- 
half  hours  to  rays  as  short  as  310  fx-fi  even  when  the  intensity  is 
considerably  greater  than  that  to  which  the  retina  is  ever  sub- 
jected in  the  case  of  any  of  the  known  artificial  light  sources, 
This  exposure  is  at  least  forty -five  times  greater  than  that  re- 
quired to  affect  the  corneal  epithelium  by  waves  of  295  fifx.  and 
less.  For  the  retina  therefore  to  be  affected  by  the  abiotic  action 
of  light  transmitted  by  the  lens,  it  would  have  to  be  many  times 
more  sensitive  to  such  action  than  the  corneal  epithelium.  There 
is  no  reason  to  believe  however,  that  this  is  the  case,  but  on  the 
contrary,  since  the  abiotic  effect  depends  upon  the  amount  of 
absorption  of  the  waves,  there  is  strong  reason  for  believing  that 
the  corneal  epithelium  and  retina  are  about  equally  sensitive  to 
abiotic  action.  Assuming  this  to  be  so,  these  experiments  show 
conclusively  that  the  human  eye  could  be  fixed  steadily  and  at 
close  range  upon  the  mangetite  arc  certainly  for  over  two  hours 
and  probably  for  many  hours  without  suffering  damage  to  the 
retina  from  abiotic  action.  Since  as  already  pointed  out  the  in- 
tensity of  the  image  of  a  source  of  light  of  such  small  size  as  that 
in  question  decreases  as  the  square  of  the  distance,  the  danger 
of  injury  to  the  retina  at  ordinary  distances  would  be  absolutely 
negligible. 

In  the  case  of  the  lenses  of  some  children,  Hallauer  found 
a  very  weak  transmission  band  of  315  to  330  fjfi.  This,  how- 
ever, does  not  invalidate  the  application  of  the  above  argument 
to  the  case  of  children,  since  we  have  shown  that  such  waves  are 
without  abiotic  effect. 

While  it  seems  to  us  that  the  foregoing  facts  prove  con- 
clusively enough  that  the  lens  affords  complete  protection  to  the 
retina  from  the  abiotic  action  of  light,  in  view  of  the  fact  that 
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Birch-Hirschfeld  claims  to  have  produced  pathological  changes  in 
the  retinae  of  normal  rabbit's  eyes  by  exposure  to  ultra  violet 
light,  we  have  undertaken  to  investigate  this  que  ,fion  liy  direct 
experiment  upon  the  retina  itself. 

Such  an  investigation  presents  several  difficulties.  In  the 
first  place  it  is  impossible  to  reproduce  with  animals  exactly  the 
conditions  that  obtain  when  the  human  eye  is  fixed  upon  a  small 
intense  source  of  light.  This  is  so  because  it  is  impossible  to 
insure  in  the  case  of  an  animal  that  the  small  image  of  the  light 
source  will  always  fall  upon  the  same  spot  in  the  retina  during  the 
exposure.  Moreover,  even  if  this  were  possible  it  would  be  dif- 
ficult if  not  impossible  to  find  with  certainty  such  a  small  area 
on  microscopic  examination  unless  the  lesion  produced  was  well 
marked.  It  is  therefore  necessary  to  illuminate  a  large  area  of  the 
retina.  This  we  did  by  means  of  a  suitable  system  of  quartz 
lenses  used  in  connection  with  the  magnetite  arc.  Intense  illum- 
ination of  such  a  large  area,  however,  for  a  long  period  of  time 
entails  a  danger  of  over-heating  the  fundus  of  the  eye.  This  we 
successfully  obviated  by  interposing  a  quartz  cell  5  cm.  thick 
filled  with  distilled  water  to  absorb  most  of  the  infra  red  rays. 

As  will  be  seen  the  system  of  quartz  lenses  employed  concen- 
trated the  light  more  intensely  upon  th  cornea  and  lens  than  upon 
the  retina.  Advantage  was  therefore  taken  of  this  fact  to  de- 
termine at  the  same  time  the  effect  of  exposures  through  various 
screens  upon  these  structures,  the  results  of  which  have  already 
been  given.  None  of  the  screens  obstructed  any  waves  longer 
than  305  fifi  to  315  fifi.  that  is,  any  waves  that  otherwise  could 
have  reached  the  retina  through  the  lens.  The  screens  also  pre- 
vented excessive  keratitis,  which  we  desired  to  avoid  since  it 
would  have  prevented  us  from  later  making  satisfactory  tests  of 
the  lid  reflex  and  pupillary  reaction  to  light.  If  these  reflexes  had 
been  abolished  this  fact  alone  would  have  furnished  sufficient 
proof  of  the  deleterious  action  of  the  radiations  on  the  retina. 
As  a  matter  of  fact,  except  immediately  after  exposure  a  lid 
reflex  was  always  obtainable. 

The  experiments  showed,  that,  so  far  as  can  be  determined  by 
histological  examination,  the  retina  of  the  normal  eye,  exclusive 
of  heat  effects,  is  fully  protected  from  abiotic  action  by  the  lens. 
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Since  however,  the  objection  may  be  brouj^ht  forward  that  the 
retina  may  be  injured  so  far  as  its  function  is  concerned  without 
showing  any  histological  evidence  of  the  fact,  we  have  endeavored 
to  exclude  this  possibility  also.  For  this  purpose  we  employed 
the  monkey  instead  of  the  rabbit  because  this  animal  possesses  a 
macula  similar  to  that  of  man.  With  the  lens  system  described 
it  is  easily  possible  to  illuminate  intensely  a  sufficient  area  of  the 
retina  to  insure  that  the  macula  is  always  included.  If  under 
these  circumstances  the  light  has  an  injurious  action  on  the  retina 
it  will  be  rendered  evident,  since  the  macula  is  injured,  by  marked 
impairment  in  sight  and  particularly  by  a  loss  or  impairment  of 
the  pupillary  reaction.  To  avoid  injury  to  the  cornea  by  abiotic 
rays  and  injury  to  the  retina  by  heat  we  made  use  of  a  ij^  per 
cent  solution  of  copper  chloride  in  a  quartz  cell  5  cm.  thick.  The 
spectrum  of  this  solution  shows  that  it  absorbs  all  waves  shorter 
than  320  [ifx  as  well  as  all  the  so-called  heat  waves.  It  thus  does 
not  obstruct  any  short  waves  that  could  otherwise  reach  the 
retina  through  the  lens. 

In  these  experiments  two  monkeys  were  employed  in  each 
of  which  the  left  eye  was  blind.  One  was  an  old  female  monkey, 
whose  left  eye  had  been  rendered  blind  by  an  experimiental  opera- 
tion involving  injury  to  the  optic  nerve,  one  year  previous  to 
the  first  of  the  present  experiments.  The  other  was  a  young 
full  grown  male  monkey,  whose  left  eye  had  been  rendered  blind 
by  injection  of  alcohol  into  the  orbit  nine  months  previous  to  the 
first  of  the  experiments.  Ophthalmoscopic  examination  showed 
complete  optic  atrophy  in  the  left  eye  of  each.  Neither  monkey 
could  find  the  way  about  when  the  right  eye  was  excluded  from 
vision.  Direct  pupillary  reaction  to  light  was  absent,  but  the 
consensual  reaction  was  well  marked.  This  made  it  possible  to 
determine  the  presence  of  a  pupillary  reaction  while  the  right 
eye  was  under  the  influence  of  the  mydriatic,  while  the  fact 
that  the  left  eye  was  blind  made  it  easy  to  detect  any  impairment 
of  vision  of  the  right  eye.  In  each  animal  the  visual  acuity  of  the 
right  eye  was  high,  as  shown  by  the  ease  with  which  it  was  able 
to  catch  flies  and  lice.  The  absence  of  binocular  vision  did  not 
seem  to  hamper  either  animal  in  its  judgment  of  distance  except 
for  a  short  time  after  the  left  eye  has  been  made  blind. 
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In  all  exi)eriments  the  maji^ielite  arc  was  used  and  the  same 
arrangement  of  lenses  vtnployed  as  in  the  previous  experiments 
with  rabbits,  the  quartz  cell,  as  stated,  being  filled  with  a  i^ 
per  cent  solution  of  copper  chloride.  The  light  was  focussed 
on  the  centre  of  the  cornea.  The  animal  was  placed  in  a  box 
which  allowed  only  the  head  to  protrude,  and  the  eyelids  kept 
open  by  means  of  a  small  speculum.  The  head  was  forcibly  held 
in  position  by  the  hand  of  the  observer.  For  the  first  five  minutes 
the  animal  was  difficult  to  control,  but  after  this  no  great  difficulty 
was  experienced  in  keeping  the  eye  in  place.  No  local  or  general 
anaesthetic  was  employed.  Normal  salt  solution  was  dropped  on 
the  cornea  from  time  to  time.  The  pupil  of  the  right  eye  was 
previously  dilated  by  homatropine  except  in  one  experiment  in 
which  atropine  was  used. 

To  give  some  idea  of  the  light  intensity  and  duration  of  the 
exposures  in  these  experiments,  it  may  be  well  to  state  that  one  of 
us  exposed  his  eye  with  undilated  pupil  to  these  conditions  for 
fifteen  seconds,  and  obtained  an  absolute  scotoma  which  gradually 
disappeared  within  five  minutes.  Erythropsia  persisted  about 
three  minutes  and  was  followed  by  xanthopsia  which  lasted  the 
remainder  of  the  five  minutes. 

The  results  of  these  experiments  showed  that  even  with  ex- 
posures of  extreme  intensity  and  length,  but  insufficient  to  pro- 
duce heat  effects,  it  is  impossible  to  injure  the  retina  by  light 
containing  any  or  all  rays  capable  of  reaching  it  through  the  lens. 
They  exclude  both  the  possibility  of  injuring  the  retina  by  over 
stimulating  its  perceptive  mechanism,  and  also  of  injuring  it  by 
the  abiotic  action  of  light. 

Most  surprising  was  the  rapidity  with  which  the  retina  re- 
gained its  function.  Thus  in  all  four  experiments  within  six 
minutes  the  consensual  pupillary  reaction  was  fully  reestablished. 
There  was  in  both  sets  of  experiments,  however,  a  marked  dif- 
ference between  the  young  and  the  old  monkey  in  regard  to  the 
time  required  for  the  restoration  of  useful  vision.  In  the  case  of 
the  young  monkey  sufficient  vision  to  enable  him  to  see  his  way 
about,  avoid  hand  movements,  etc.,  was  present  in  ten  minutes 
after  the  exposure  ended.  The  old  monkey  on  the  other  hand  was 
practically  blind  for  an  hour  or  more.    In  fact  her  visual  acuity  did 
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not  seem  to  be  fully  restored  until  the  morning  following  the  ex- 
posure. Both  animals  were  able  to  catch  flies  with  their  usual 
expertness  after  the  mydriasis  had  disappeared.* 

The  results  obtained  in  these  experiments  would  also  seem  to 
be  of  some  significance  in  regard  to  the  question  of  light  adapta- 
tion. They  suggest  that  after  a  certain  state  of  retinal  fatigue 
is  reached  no  further  effect  is  produced,  however  long  the  ex- 
posure. In  fact  it  would  seem,  in  young  individuals  at  least,  that 
after  this  stage  is  reached  the  recuperative  processes  begin  while 
the  retina  is  still  exposed.  This  aspect  of  the  question,  however, 
does  not  concern  us  here  and  further  experiments  would  be  neces- 
sary to  elucidate  it  fully. 

In  addition  to  the  experiments  on  the  eyes  of  monkeys  we 
have  availed  ourselves  of  an  exceptional  opportunity  to  make  a 
similar  experiment  upon  a  human  eye.  The  subject  was  a  female 
patient  aged  50  years  affected  with  carcinoma  of  the  eyelid  and 
orbit,  the  growth  being  so  extensive  as  to  necessitate  removal  of 
the  eye.  The  left  eye  itself  was  apparently  normal,  the  media 
being  clear  and  the  fundus  normal.  The  visual  acuity  was  re- 
duced to-—  — (unimproved  by  lenses)  for  some  reason  not 
definitely  determined,  but  probably  due  to  some  irregularity  in 
refraction  resulting  from  the  pressure  of  the  upper  lid.  The 
lower  lid  was  almost  completely  destroyed,  while  the  upper  lid 
was  somewhat  drawn  down  by  cicatricial  tissue  at  the  outer 
canthus.  It  was  therefore  necessary  for  the  observer  to  hold  up 
the  eyelid  by  finger  pressure  during  the  experiment.  The  right 
eye  was  normal  and  had  normal  visual  acuty.  Before  the  ex- 
periment the  pupil  of  the  left  eye  was  dilated  with  atropine,  but 
the  visual  acuity  remained  the  same.  The  total  exposure  was 
less  than  in  the  case  of  the  monkeys,  owing  to  the  patient  be- 
coming somewhat  fatigued,  and  for  the  same  reason  also  the  ex- 
posure was  not  continuous,  but  otherwise  the  conditions  of  the 
experiment  were  the  same 

The  total  exposure  was  55  minutes,  and  the  interval  between 
the  separate  exposures  was  about  i]^  minutes.  The  first  three 
exposures  were  3,  9,  12  minutes  respectively,  the  remainder  were 

*Both  of  these  monkeys  were  later  killed,  otie  after  seven  months,  the  other  after 
fourteen  months,  and  on  microscopic  examination  the  eyes  that  had  been  exposed  were 
found  normal. 
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5  minutes  each.  Al  the  bcgitiniuj^  of  each  exposure  the  patient 
stated  that  the  "hght  was  hke  the  sun."  At  the  end  of  the  sixth 
exposure  there  was  erythropsia  and  the  visual  acuity  was  reduced 
to  counting  of  fingers  at  one  foot.  Within  2>^  minutes  after  the 
last  exposure  the  consensual  pupillary  reaction  was  well  marked, 
and  the  patient  could  with  difticulty  count  fingers  at  six  feet. 
Three  minutes  after  the  last  exposure  there  was  only  slight 
erythropsia.  Xanthopsia  was  not  noted  at  any  time  but  may  have 
been  unrecognized  by  the  patient.  After  10  minutes  the  visual 
acuity  was  -?°-  .  There  was  an  appearance  of  a  mist  before  the 
eye,  but  no  erythropsia.  After  i^  hours  the  visual  acuity  was 
-»?-  ,  and  a  slight  mist  still  persisted.  After  3  hours  the  visual 
acuity  was  -^  +,  and  a  white  surface  seemed  almost  but  not 
quite  as" white  as  with  the  right  eye.  After  22  hours  (in  the 
morning),  the  visual  acuity  was  33- —a>  before  the  experiment. 
There  was  no  erythropsia,  and  central  color  vision  was  perfect 
for  red,  blue  and  green.  Twenty-four  hours  after  the  exposure 
the  eye  was  enucleated.  On  microscopic  examination  the  cornea, 
iris,  lens  epithelium  (flat  preparation),  and  retina  were  found  to 
be  normal. 

The  result  of  this  experiment  confirms  those  obtained  with 
the  monkeys.  It  is  obvious  that  the  retina  could  not  have  been 
injured  by  abiotic  action  of  light,  since  the  visual  acuity  was 
fully  restored  within  3  hours  and  remained  so  the  following  morn- 
ing. The  rapidity  with  which  the  erythropsia  disappeared  was 
unexpected,  and  indicates  that  duration  of  exposure  is  equally 
as  important  as  its  intensity  in  the  production  of  persistent  ery- 
thropsia. 

POSSIBLE  EFFECTS  OF  ABIOTIC  RADIATIONS  ON 
THE  RETINAE  OF  APHAKIC  EYES 

Since  it  has  been  shown  experimentally  that  abiotic  waves 
may  pass  through  the  cornea  and  injure  the  lens  epithelium, 
it  would  seem  that  exjKJsure  of  an  aphakic  eye  to  a  light  source 
rich  in  such  waves  might  seriously  damage  the  retina. 

In  endeavoring  to  demonstrate  by  direct  experiment  the  po.s- 
sibility  of  injuring  the  retina  of  the  aphakic  eye  by  abiotic  radia- 
tion we  have  found  it  difficult  to  obtain  a  satisfactory  eye  for  the 
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purpose.  While  it  was  easily  possible  to  remove  the  lens  from  the 
rabbit's  eye,  the  pupil  became  more  or  less  completely  obstructed 
in  almost  all  cases.  In  one  animal,  however,  we  finally  obtained 
by  means  of  repeated  discissions,  a  clear  pupillary  opening  suf- 
ficient to  admit  the  cone  of  light  from  the  quartz  double  lens 
system  and  magnetite  arc.  According  to  our  calculations  and 
experiments  an  exposure  of  35  minutes  with  the  light  focussed 
upon  the  pupillary  area  should  have  been  sufficient  to  produce 
abiotic  effects  in  the  retina.  As  a  matter  of  fact  no  abiotic  effects 
could  be  demonstrated  in  the  retina  although  marked  heat  effects 
were  obtained  in  the  pigment  epithelium.  This  experiment  thus 
goes  to  show  that  the  danger  to  the  retina  from  exposing  the 
aphakic  eye  to  abiotic  radiations  is  even  less  than  is  indicated  by 
our  calculations. 

Thermic  Effects  of  Radiant  Energy  on  the  Eye 

The  Cornea.  In  passing  through  the  cornea,  light  of  any 
wave  length  is  absorbed  to  some  extent.  Waves  less  than  295  jxji 
are  completely  absorbed  while  those  over  315  fxfi  in  length  (judg- 
ing by  the  results  of  our  experiments)  are  very  slightly  absorbed. 
The  absorption  of  the  latter  is  no  doubt  due  in  part  at  least  to  the 
lamellae  of  the  cornea  and  the  corneal  corpuscles,  which  cause 
internal  reflections  and  refractions,  especially  of  the  relatively 
short  waves.  With  ordinary  light  intensities  the  amount  of  energy 
absorbed  is  so  slight  that  no  heat  effects  are  produced,  but  with 
extreme  intensities  it  is  obvious  that  the  latter  could  be  produced 
even  in  the  case  of  visible  rays.  In  five  of  our  experiments  defi- 
nite heat  effects  were  observed  in  the  cornea.  That  the  effects 
were  due  solely  to  accumulated  heat  and  not  in  any  degree  to 
abiotic  action,  is  proved  by  the  character  of  the  changes  produced, 
and  by  the  fact  that  the  epithelial  cells  of  the  cornea  and  lens 
were  unaffected.  The  screens  were  such  that  the  lens  received 
waves  of  the  same  wave  lengths  as  did  the  cornea.  The  corneal 
epithelium  was  unaffected  probably  owing  to  its  being  cooled  by 
contact  with  the  air.  In  no  instance  did  the  heat  reach  sufficient 
intensity  as  to  cause  pain. 
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Combined  Thermic  and  Abiotac  Efiects  of  Radiant 
Energy  on  the  Cornea 
In  four  experiments  in  which  the  exposures  were  prolonged, 
both  abiotic  and  heat  effects  were  obtained  in  the  cornea.  The 
screens  used  were  transparent  to  waves  less  than  305  /i/i  to  2<>8  fifi 
in  length  and  the  exposures  were  from  one  to  one  and  a  half 
hours.  In  two  of  the  experiments  abiotic  effects  were  indicated 
by  loss  of  corneal  epithelium  and  characteristic  changes  in  the 
lens  epithelium,  and  heat  effects  by  the  haziness  of  the  cornea 
occurring  within  30  minutes  after  the  exposure  as  well  as  by  the 
slightness  of  the  conjunctival  reaction.  Combined  effects  were 
also  shown  by  the  microscopic  examinations,  the  corneal  cor- 
puscles being  completely  invisible  in  the  posterior  layers  of  the 
cornea,  but  present  and  showing  characteristic  abiotic  effects  in 
the  anterior  layers. 

The  abiotic  effects  and  heat  effects  of  radiant  energ>'  upon 
the  tissues  are  essentially  different.  In  the  case  of  heat,  a  cer- 
tain critical  temperature  is  required  before  any  effect  is  produced. 
This  is  shown  by  the  sharp  transition  from  normal  into  injured 
corneal  corpuscles  at  the  periphery  of  the  exposed  area,  and  also 
by  the  fact  that  the  epithelium,  being  kept  cool  by  contact  with 
the  air,  remains  unaffected.  The  heat  effect  therefore  does  not 
vary  in  direct  ratio  with  the  intensity  of  exposure,  obviously  due 
to  the  fact  that  dissipation  of  heat  enters  into  the  equation.  In 
the  case  of  abiotic  action  on  the  other  hand  the  effect  varies 
directly  with  the  intensity  of  the  exposure. 

Thermic  Effects  of  Radiant  Energy  upon  the  Retina 
In  a  number  of  our  experiments,  some  of  which  were  made 
with  other  purposes  in  view,  we  obtained  heat  effects  in  the 
retina  in  spite  of  an  interposed  water  cell  5  cm.  thick.  They 
were  obtained  mainly  in  two  ways,  one  by  the  use  of  sunlight  re- 
flected from  a  silvered  glass  concave  mirror  26  cm.  in  diameter 
and  1.5  meters  in  focal  length,  and  the  other  by  the  use  of  the 
magnetite  arc  light  concentrated  by  the  single  quartz  lens  system. 
In  the  case  of  sunlight  the  exposures  were  from  one- fourth 
second  to  one  and  one-half  minutes,  and  the  resulting  bums  were 
always  severe,  the  retinal  tissue  being  actually  coagulated.  In 
the  case  of  the  magnetite  arc  the  exposures  were  from  ten  minutes 
to  one  hour  and  the  burns  were  much  less  severe. 
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That  the  severe  effects  produced  by  concentrated  sunh^ht 
were  due  to  heat  was  obvious  from  their  histological  appearances 
and  from  the  fact  that  the  light  intensity  at  the  focus  was  found 
in  all  cases  to  be  sufficient  quickly  to  ignite  a  match  or  piece  of 
paper.  That  the  relatively  slight  effects  produced  by  the  mag- 
netite arc  were  also  due  to  heat,  was  obvious  from  the  fact  that 
only  the  pigment  epithelium  and  outer  retinal  layers  were  affected 
and  sometimes  the  pigment  layer  alone.  If  the  effects  had  been 
due  to  the  abiotic  action  of  light  the  inner  nuclear  layer  and 
ganglion  cells  would  necessarily  have  been  equally  or  even  more 
greatly  affected. 

Abiotic  Energy  in  the  Solar  Spectrum 
As  has  already  been  noted  the  solar  spectrum  when  filtered 
through  a  thick  layer  of  atmosphere  as  at  sea  level  when  the  sun 
is  low  fades  out  at  about  305  fifi.  At  high  altitudes  and  with  the 
sun  running  high,  it  extends  to  about  295  fxix.  Under  extremely 
favorable  conditions  some  very  faint  traces  of  the  spectrum  were 
registered  by  Cornu  down  nearly  to  292  fifj.. 

Substantially  the  whole  of  the  solar  spectrum  which  is 
capable  o'l  producing  abiotic  action  lies  between  295  /x/x  and 
305  [Xfi,  is  evanescent  under  most  conditions,  and  only  possesses 
pathological  significance  at  high  altitudes  and  especially  in  ex- 
treme cold.  There  is  good  reason  to  believe  that  the  atmosphere 
is  considerably  more  permeable  to  ultra  violet  radiations  at  low 
temperatures  than  under  ordinary  conditions,  particularly  as  re- 
gards the  extreme  radiations.     Figure  3  shows  from  the  data 
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Fig.    3. — Distribution   of  energy   in   solar   spectrum. 
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of  Abbot  the  distribution  of  eneri^y  in  the  solar  sixrctrum.  Two 
things  in  these  curves  are  particularly  noteworthy,  first  that  in 
both  and  especially  at  the  higher  altitude  the  maximum  radiation 
and  indeed  the  bulk  of  the  radiation  in  general  lies  within  the 
visible  spectrum.  Second,  the  maximum  energy  lies  not  in  the 
red,  but  in  the  case  of  the  high  altitude  energy  fairly  in  the 
blue  at  about  wave  length  470  /ut/z  and  at  the  lower  altitude  in  the 
green  at  wave  length  about  500  /x/x.  So  far  as  the  solar  spectrum 
is  concerned,  therefore,  the  heat  energy  is  chiefly  within  the  visible 
spectrum.  Xo  distinction  therefore  can  be  drawn  between  the 
visible  and  the  infra  red  spectrum  on  the  ground  of  heat  radiation 
and  all  attempts  to  separate  thermic  effects  by  cutting  out  the 
visible  spectrum  are  therefore  futile.  So  long  as  this  reaches  the 
eye  it  carries  with  it  the  solar  heat  in  its  greatest  intensity.  From 
the  area  of  the  curves  here  show-n  it  appears  that  of  the  energy 
at  high  altitudes  only  a  very  small  proportion,  of  the  order  of 
magnitude  of  one  quarter  of  1  per  cent  lies  within  the  region 
295  to  305  /x/x.  Even  this  small  quantity  is  evanescent  at  the  sea 
level  and  at  ordinary  temperatures.  It  is  to  the  small  remaining 
trace  of  abiotic  rays  here  noted  that  the  phenomena  of  snow 
blindness  are  due.  On  snow  fields  the  exposure  of  the  eye  to 
solar  radiation,  ordinarily  greatly  ameliorated  by  the  obliquity  of 
the  incidence,  is  rendered  much  more  severe  by  the  reflection  from 
the  snow  which  is  a  good  reflector  down  to  the  extreme  ultra 
violet  of  the  solar  spectrum.  One  would  not  go  far  wrong  in 
estimating  that  the  radiation  reaching  the  eye  under  such  cir- 
cum.stances  is  of  the  order  of  magnitude  of  a  million  ergs  per 
square  cm.  per  second.  A  smgle  square  meter  of  snow  at  2 
meters  distance  would  reflect  to  the  eye  almost  a  tenth  of  this 
amount  with  the  altitude  and  sun  favorable.  Assuming  now  that 
one  quarter  of  i  per  cent  of  this  quantity,  that  is  250  ergs  per 
square  cm.  j)er  second  is  within  the  abiotic  region  295  to  305  fifi 
it  is  easy  roughly  to  determine  the  exposure  which  is  likely  to 
produce  snow  blindness.  We  have  already  seen  that  a  well 
marked  photophthalmia  can  be  set  up  by  a  radiation  in  abiotic 
rays  of  about  2.000,000  erg  seconds  per  square  cm. 

Now  assuming  that  of  the  total  radiation  which  would  be 
received  direct,  half,  through  direct  and  reflected  action,  reaches 
the  eye  of  one  traveling  among  the  high  snow  fields.    The  energy 
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in  total  abiotic  radiations  would  be  about  1250  ergs  per  square  cm. 
per  second.  If  all  of  this  quantity  had  the  average  abiotic  effect 
on  the  conjunctiva  and  the  cornea  a  little  less  than  27  minutes 
exposure  would  be  required  to  make  up  the  2,000,000  ergs  seconds 
just  referred  to  and  to  produce  symptoms  of  photophthalmia. 
As  a  matter  of  fact  the  region  from  305  (Xfi  to  295  /xyu,  has  much 
less  than  the  average  abiotic  effect.  Our  crown  glass  screen 
No.  7  cut  off  the  ultraviolet  at  295  fifi  substantially  just  at  the 
end  of  the  solar  spectrum.  Experiments  made  with  this  screen 
on  the  magnetite  arc  which  is  fairly  strong  from  295  /u,/u,  to  305  nfx 
showed  that  this  screen  increased  the  exposure  necessary  to  pro- 
duce photophthalmia  eighteen  times.  It  therefore  appears  that 
at  a  high  altitude  in  the  snow  fields  an  exposure  of  7  to  9  hours 
under  extreme  conditions  would  be  required  to  produce  photo- 
phthalmia as  severe  as  that  which  we  have  here  recorded  as 
typical,  that  is,  involving  stippling  of  the  corneal  epithelium. 
Clinically  snow  blindness  very  rarely  reaches  this  phase,  since, 
although  the  exposures  may  be  long  the  intensity  of  abiotic  solar 
radiations  reaching  the  eye  would  be  seldom  as  great  as  the  maxi- 
mum amount  just  mentioned.  At  sea  level  and  under  ordinary 
circumstances  the  critical  exposure  for  snow  blindness  would 
undoubtedly  run  to  many  hours. 

SoEAR  Erythema 

These  data  on  solar  energy  at  once  call  up  the  question  of 
solar  erythema  generally  attributed  to  the  effect  of  ultra  violet 
radiation,  CHnically  this  bears  a  suggestive  resemblance  to  photo- 
phthalmia in  that  it  has  a  period  of  latency  and  a  similar 
period  of  duration.  Further  it  is  well  known  to  occur  easily  at 
high  altitudes  with  the  sun  running  high,  that  is  under  circum- 
stances which  afford  a  fair  amount  of  abiotic  rays.  The  best 
recent  investigation  of  this  matter  is  that  by  Dr.  de  Laroquette, 
Surgeon  Major  of  the  Franch  Army  in  Algiers,  His  experiments 
under  the  intense  tropical  sun  show  the  connection  of  solar  ery- 
thema with  the  abiotic  rays  very  clearly.  In  the  first  place  in 
most  cases  he  noted  a  primary  erythema  clearly  due  to  tempera- 
ture and  perhaps  associated  with  heated  air  as  well  as  radiation, 
occurring  only  when  the  temperature  is  30  degrees  C,  or  more. 
This  is  followed  after  a  period  of  latency  of  an  hour  or  two  by 
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a  secondary  photochemical  erythema  going  on  under  severe  ex- 
posures to  hemorrhagic  pigmentation,  local  oedema  and  subse- 
quent desquamation. 

Our  experiments  with  the  bare  magnetite  arc  as  source  in- 
dicate that  the  liminal  exposure  for  perceptible  abiotic  effects  is 
practically  the  same  for  the  more  sensitive  parts  of  the  skin  as  for 
the  conjunctiva.  The  inner  portion  of  the  forearm  was  the  por- 
tion of  the  body  exposed  in  our  work  on  liminal  exposures.  Here 
with  6  minutes  at  0.5  meter,  which  corresponds  very  well  with 
the  production  of  mild  photophthalmia,  a  slight  reddening  of  the 
skin  appeared  some  few  hours  after  exposure,  rose  to  its  maxi- 
mum inside  of  the  first  24  hours  and  vanished  within  a  day  or  two 
leaving  no  trace.  We  found,  as  did  Dr.  deLaroquette,  that  vase- 
line acted  as  a  fairly  complete  preventive  as  regards  both  primary 
and  secondary  erythema,  particularly  the  latter,  while  glycerine 
gave  a  slight  protective  action  in  our  results,  more  than  would 
seem  to  be  warranted  in  view  merely  of  its  transparency  to  abiotic 
rays.  From  these  observations  and  from  the  clinical  facts,  often 
showing  erythema  greatly  disproportionate  to  the  intensity  of 
abiotic  radiation  likely  to  be  present,  it  seems  probable  that  ordi- 
nary sunburn  is  due  to  a  mixture  of  thermic  and  abiotic  effects 
of  which  the  former  are  often  the  more  prominent,  although  they 
generally  cannot  readily  be  separated  from  the  secondary  abiotic 
effects,  the  development  of  which  they  tend  to  mask. 

Erythropsia 

So-called  erythropsia  is  the  name  of  a  phenomenon  rather 
than  of  a  pathological  condition.  The  clinical  records  are  num- 
erous but  vague.  They  all  indicate  a  condition,  generally  very 
temporary,  in  which  the  patient  finds  a  more  or  less  ruddy  tinge 
in  everything  seen.  There  is  nothing  definite  in  the  tint  of  the 
coloration  or  the  period  through  which  it  is  observable.  It  ap- 
parently runs  from  various  shades  of  orange  and  rose  to  a  fairly 
full  red.  A  cursory  view  of  the  clinical  records  indicates  that 
the  cases  cited  fall  into  three  general  divisions.  First,  cases 
associated  with  neurosis  such  as  those  given  by  Charcot  and 
others.  These  clearly  cannot  be  associated  with  any  pathological 
condition  of  the  visual  apparatus.  Second,  there  are  many  re- 
corded instances  of  traumatic  erythropsia  some  of  which  at  least 
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evidently  are  associated  with  the  actual  infiltration  of  the  eye 
media  with  blood.  Third,  one  finds  a  vast  majority  of  instances 
which  one  may  term  photo-erythropsia  in  which  the  observed 
appearances,  one  can  hardly  dignify  them  by  the  name  of  symp- 
toms, are  associated  with  over  exposure  to  light.  These  are  so 
entirely  without  pathological  significance  that  we  should  hardly 
consider  them  here  save  for  the  fact  that  the  phenomena  have 
been  attributed  to  the  effect  of  ultra  violet  radiations.  That  the 
ultra  violet  really  has  nothing  to  do  with  the  matter  is  clearly 
shown  by  Vogt  who  found  that  erythropsia  could  not  be  produced 
experimentally  by  the  ultra'  violet  alone,  but  very  easily  by  light 
ray  containing  no  ultra  violet.  We  need  only  add  here  that 
it  is  possible  to  produce  marked  erythropsia  through  euphos  glass 
which  transmits  no  ultra  violet,  through  B-naphthol-disulphonic 
acid  which  also  cuts  off  the  ultra  violet,  and  through  dense  flint 
glasses  which  eliminate  all  of  the  ultra  violet  which  could  with 
any  certainty  get  through  the  lens.  Also  it  is  produced  with  great 
facility  by  radiation  through  green  and  blue  green  media  which 
intercept  the  ultra  violet  completely,  but  flood  the  eye  with  light 
of  a  color  certain  to  produce  a  strong  red  phase  in  the  after  image. 
The  truth  seems  to  be  that  the  so-called  photoerythropsia  is 
merely  the  result  of  such  unequal  fatigue  of  the  primary  color 
sensations  as  leaves  for  a  greater  or  less  time  thereafter  a  color 
sensation  predominantly  red. 

Vernal  Catarrh 

Spring  catart-ah  is  an  uncommon  disease  of  the  conjunctiva 
that  most  often  affects  the  upper  lid,  much  less  often  the  bulbar 
conjunctiva  around  the  corneal  limbus,  and  almost  never  the  two 
together.  It  is  extremely  chronic,  lasting  from  3  to  20  years,  and 
is  associated  with  the  formation  of  peculiar  granulation  tissue, 
infiltrated  with  eosinophilic  leucocytes  to  an  unusual  degree,  con- 
taining downgrowths  of  epithelium  from  the  surface.  In  the  case 
of  the  conjunctiva  of  the  lid,  the  new  tissue  forms  within  the 
papillae,  thus  giving  rise  to  large  flat  papillary  growths.  The 
symptoms  of  irritation,  photophobia,  lacrimation,  and  itching, 
are  most  marked  in  the  spring  and  warm  seasons  of  the  year, 
usually  disappearing  during  the  winter  months.  For  this  reason 
sunlight  has  been  suggested  as  the  etilogical  factor  in  the  disease. 
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The  e\  itlenoc  for  the  view  thai  vernal  catarrh  i>  (hie  to  the 
action  of  sunhght.  amounts  to  httle  more  than  the  fact  that  the 
symptoms  are  most  pronounced  in  the  spring  and  summer.  This 
fact.  ho\ve\er.  is  accounted  for  even  hetter  on  the  more  recent 
theory  that  the  disease  is  due  to  jKjllen.  Moreover  the  following 
objections,  that  to  us  seem  insurmountable,  may  be  urged  against 
sunlight  as  a  cause.  In  the  first  place  if  vernal  catarrh  is  due  to 
sunlight  the  lower  lid,  which  is  not  only  more  exposed,  but  thinner 
and  more  transparent,  should  be  more  affected  than  the  uj)per 
lid,  whereas,  as  a  matter  of  fact,  it  entirely  escapes  involvement. 

Finally,  the  possibility  of  abiotic  action  is  ruled  out  by  the 
fact  that  it  is  impossible  for  abiotic  waves  to  pass  through  the 
entire  thickness  of  the  lid. 

Shnile  Catar.\ct 

The  theory  has  been  advanced  that  senile  cataract  is  due  to 
exposure  of  the  lens  to  daylight,  particularly  that  from  the  sky. 
This  is  based  solely  on  the  fact  that  the  cataractous  changes 
usually  begin  in  the  lower  part  of  the  lens.  It  is  undoubtedly 
true  that  the  changes  do  usually  first  appear  below,  but  as  a  rule 
they  are  so  far  below  that  they  are  in  a  portion  of  the  lens  com- 
pletely .shaded  by  the  iris.  Thus  it  is  most  often  necessary  to 
produce  artificial  mydriasis  before  incipient  lens  changes  can  be 
seen  with  the  ophthalmoscope.  Moreover,  if  the  cataract  were 
due  to  exposure  to  light,  the  pupillary  area  should  be  the  first 
aflfected,  since  from  such  an  extended  source  as  the  sky  it  re- 
ceives the  greatest  concentration  of  light,  and  since  the  chief  ab- 
sorption must  occur  here.  We  must  conclude,  therefore,  that 
there  is  no  sound  evidence  for  this  theory  of  cataract  formation. 

Burge  has  recently  attempted  to  supply  an  experimental 
basis  for  the  view  that  ultra  violet  light  is  responsible  for  cataract. 
He  tound  that  the  rays  from  an  unscreened  quartz  mercury  vajKir 
lamp  had  almost  no  coagulating  effect  upon  the  lens  protein  even 
after  an  exposure  of  ^2  hours  at  a  distance  of  5  cm.  but  that  when 
acting  in  the  presence  of  weak  solutions  of  calcium  chloride, 
sodium  silicate,  or  dextrose,  coagulation  occurred.  Since  in 
senile  catracts  calcium,  magne>ium,  and  sometimes  silicates,  are 
greatly  increased,  and  in  diabetic  cataracts  dextrose  is  presum- 
ably present.  Burge  assumes  that  these  cataracts  are  due  to  the 
action  of  ultra  violet  light. 


654        TRANSACTIONS  I.   E.  S.    VOIv.   XVI,  NO.  9,  DEC.   30,   I92I 

This  assumption  is  sufficiently  controverted  by  the  fact  just 
mentioned  that  senile  cataract  usually  begins  at  the  periphery 
where  the  lens  is  shaded  by  the  iris,  and  sometimes  begins  in  the 
upper  part  of  the  lens.  But  in  addition,  other  serious  objections 
to  his  argument  may  be  pointed  out.  In  the  first  place,  in  trau- 
matic cataracts  and  cataracts  due  to  inflammatory  conditions,  cal- 
cium salts,  and  no  doubt  magnesium  and  other  salts,  are  deposited 
in  great  abundance,  and  the  lens  may  even  become  completely 
calcified.  In  fact,  the  same  thing  occurs  in  dead  tissues  anywhere 
in  the  body,  so  that  the  reasonable  assumption  is  that  the  presence 
of  these  salts  in  senile  cataract  is  a  result  not  a  cause.  Then,  too, 
Burge  made  use  of  intensities  of  exposure  and  wave  lengths  to 
which  the  lens  is  never  subjected  during  life.  The  cornea  com- 
pletely screens  it  from  practically  all  the  short  waves  found 
effective  by  him.  The  longest  waves  with  which  he  could  coagu- 
late proteins  were  302  jn/x  in  length  and  the  effect  produced  by 
these  was  insignificant. 

The  fatal  objection  to  Burge's  theory  as  applied  to  senile 
cataract  is  that  the  ultra  violet  solar  rays  cannot  reach  that  portion 
of  the  lens  where  cataract  generally  begins,  and  that  portion  of 
the  lens  where  ultraviolet  light  has  the  best  chance  of  action  is 
aft'ected  only  at  a  late  stage  of  development. 

ECEIPSE   BUNDNESS    AND   AlUED   PhENOAIENA 

Every  recent  eclipse  of  the  sun  has  given  rise  to  numerous 
cases  of  so-called  eclipse  blindness,  due  to  careless  observation 
of  the  phenomenon  in  its  partial  stages,  either  with  the  naked 
eye  or  with  altogether  insufficient  protection.  We  should  not 
here  consider  the  matter  worthy  of  attention  were  it  not  for  the 
fact  that  it  has  been  loosely  ascribed,  like  many  other  imperfectly 
investigated  ocular  injuries,  to  the  malign  effects  of  ultra  violet 
light.  Eclipse  blindness  appears  in  literature  as  far  back  as 
Plato's  Phaedo,  and  is  repeatedly  mentioned  through  classical 
and  post  classical  times  as  an  apparently  not  unexpected  phenome- 
non. The  eclipse  of  April  17,  1912,  in  Germany  produced  a 
total  of  many  hundred  cases  of  more  or  less  injury  to  the  eye. 
Every  eye  clinic  received  its  toll  of  more  or  less  severe  cases. 
Clinically  the  immediate  effect  is  marked  and  immediate  scotoma, 
which  does  not  pass  away  promptly  but  leaves  more  or  less  serious 
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cloudiness  of  vision  and  accompanying  loss  of  acuity  which  may 
be  temporary,  lasting  a  few  weeks,  or  in  severe  cases  permanent. 
The  scotoma  is  commonly  central  and  generally  cf  small  extent, 
in  a  marked  proportion  of  the  cases  corresponding  fairly  well  with 
the  dimensions  of  the  sun's  image,  although  wide  variations  from 
this  may  be  due  to  repeated  fixations  overlapping  or  reen forcing 
each  other.  As  it  is  generally  impossible  to  tell  just  how  long  or 
how  often  the  patient  fixed  the  phenomenon  nothing  definite  can 
be  postulated  concerning  various  varieties  of  scotoma  which  have 
been  noted  by  various  observers.  The  ophthalmoscopic  observa- 
tions usually  show  changes  ranging  from  scarcely  perceptible,  to 
conspicuous  and  permanent  pathological  appearances  involving 
lasting  and  destructive  injury  to  the  retina. 

Our  experiments  have  been  directed  to  the  production  of  an 
artificial  eclipse  blindness  in  animals,  and  the  examination  of  the 
lesions  produced,  with  special  reference  to  the  intensity  required 
to  produce  the  lesions  noted.  The  apparatus  employed  was 
powerful  enough  to  produce  prompt  and  acute  efifects.  For  most 
of  the  experiment  we  employed  the  mirror  apparatus. 

The  concentration  of  energy  obtained  by  this  instrument  was 
enormously  great,  owing  to  the  size  of  the  mirror  and  its  rela- 
tively short  focal  length.  Its  area  was  about  530  square  cm.  so 
that  with  an  average  reflective  coefficient  of  0.75,  with  good  sun- 
light the  reflected  energy  would  amount  to  some  4  X  10*  ergs 
per  second.  The  energy  at  the  focus  amounts  to  approximately 
30  watts  per  square  cm.  A  pupil  expanded  to  say  10  mm.  by 
the  use  of  mydriatics  would  therefore  take  in  a  pencil  equivalent 
to  about  24  X  10'  ergs  per  second.  Allowing  as  in  other  cases 
one-third  for  the  energy  absorbed  by  the  media  of  the  eye  as  a 
whole,  the  energy  incident  in  the  image  would  be  approximately 
16  X  10^  ergs  per  second.  The  diameter  of  the  image  in  this 
case  is  just  over  2.5  mm.,  corresponding  quite  exactly  to  an  area 
of  5  square  mm.  The  energy  density  in  the  retinal  image  there- 
fore would  be  about  :^2  X  lO"  ergs  per  second  per  square  cm.  and 
it  was  found  in  our  experiments  that  an  exj)osure  of  '4  second 
to  this  intensity  was  sufficient  to  produce  a  destructive  thermic 
effect  in  the  retina.  This  short  period  is  very  striking  in  com- 
parison with  the  relatively  long  exposures  necessary  to  produce 
typical  eclipse  blindness  with  the  naked  eye,  although  it  agrees 
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very  well  with  the  data  which  we  later  cite  regarding  energy 
burns  from  other  sources.  The  secret  of  the  relative  resisting 
power  of  the  naked  eye  is  that  usually  in  observations  of  the 
sun,  the  pupil  is  in  extreme  miosis,  so  that  the  amount  of  energy 
received  is  probably  not  more  than  6  per  cent  of  that  computed 
for  the  normal  pupil,  while  the  extremely  small  area  of  the  solar 
image  favors  rapid  dissipation  of  the  energy  not  found  when  a  con- 
siderable area  is  attacked,  as  in  the  case  of  the  mirror  experiments. 
A  priori  the  climical  evidence  is  strongly  against  any  definite 
pathological  effects  due  to  the  ultra  violet  radiation  as  such. 
Numerous  cases  are  recorded  in  which  typical  eclipse  blindness 
has  been  produced  through  ordinary  spectacle  lenses,  through 
glass  insufficiently  dark  and  through  opera  glasses  and  the  like, 
in  all  of  which  cases  the  abiotic  rays  are,  as  w^e  have  already 
shown,  cut  off.  Even  very  small  thicknesses  of  colored  or  even 
clear  glasses  are  sufficient  completely  to  absorb  these  rays,  which 
moreover  are  always  cut  off  by  the  lens  so  that  they  cannot  reach 
the  retina  where  the  lesions  are  found.  Attempts  have  been 
made  by  several  investigators,  notably  Birch-Hirshfeld,  to  elimi- 
nate the  infra  red  rays  also  by  the  use  of  thick  water  cells  and 
other  absorbing  media,  but  these  attempts  so  far  as  experiments 
with  solar  light  are  concerned  are  futile,  because,  as  a  glance  at 
Figure  will  show,  the  greater  portion  of  the  solar  energy  lies 
entirely  within  the  visible  spectrum  with  its  intense  maximum 
in  the  blue  or  green  according  to  the  effect  of  the  atmospheric 
absorption,  so  that  for  solar  radiation  it  is  the  light  rays  which 
are  thermally  effective,  the  energy  radiation  in  the  ultra  violet  and 
infra  red  being  relatively  insignificant.  Our  experiments  show 
with  the  utmost  distinctness  that  the  effects  known  as  eclipse 
blindness  are  wholly  thermic,  due  to  the  intense  concentration  of 
the  solar  energy  upon  the  retina  by  the  refracting  system  of  the 
eye  itself  forming  an  image  of  destructive  energy  intensity. 
The:rmic  Effects  on  thf  Retina  from  short  Circuits 
It  is  worth  noting  in  connection  with  eclipse  blindness  that 
sources  of  intense  energy  other  than  the  sun  may  produce  similar 
results.  For  example,  Uhthoff  reports  the  case  of  a  patient 
exposed  to  a  violent  short  circuit  in  which  a  fortnight  after  the 
accident  grayish  spots  due  to  alterations  in  the  pigment  epithelium 
were  observable   in  the  macula  of  the  left  eye  and  were  still 


RADIATION   UN   Tlllv  KYR  657 

observable  six  months  later.     Thi^  opluhaliiioscopic  a|)i>earaiice 
is  closely  similar  to  that  many  times  recorded  in  eclipse  blindness. 
Still  later  Knapp  records  a  case  of  bilateral  injury  produced  by 
a  tremendously  powerful   short   circuit   occurring?  a   scant   half 
meter  from  the  patient's  face.     There  was  complete  temporary 
scotoma  followed  on  the  next  day  by  some  superficial  symptoms 
indicating  photophthalmia,  and  a  week  later  by  metamorphopsia, 
while  the  vision  had  been  steadily  sub-normal.     In  each  fundus 
was  a  patch  corresponding  to  the  image  of  the  short  circuit  flare, 
in  which  serious  damage  had  been  done.     These  injured  areas 
were  still  obvious  a  year  later.     The  retinal  lesions  described, 
and  especially  the  metamorphopsia,  are  such  as  are  typical  in  the 
case  of  eclipse  blindness.     Here  the  energy  radiation  of  the  short 
circuit  was  concentrated  in  the  image  to  an  extent  sufficient  to 
produce  a  typical  thermic  lesion.     The  slightness  of  the  abiotic 
radiation    received    is    evidenced    by    the    very    brief    superficial 
symptoms,  and  the  retinal   injury,  owing  to  the  absorption  of 
practically  the  whole  ultra  violet  by  the  media  of  the  eye,  must 
have  been  due  essentially  to  the  pure  energy  radiation  of  which 
the  amount,  judging  by  the  description,  was  probably  not  less 
than  100  to  200  kw.     A  short  circuit  involving  icx)  kw.  would 
give  a  superficial  intensity  at  a  half  a  meter  of  over  30,000,000 
ergs  per  square  cm.,  that  is,  more  than  thirty  times  the  intensity 
of  solar  radiation.     The  area  of  the  scotoma  produced  was,  from 
the  description,  in  the  neighborhood  of  i  sq.  mm.     Assuming  a 
pupillary  diameter  of  5  mm.  likely  to  be  found  in  working  in  a 
moderate  degree  of  light  when  surprised  by  the  short  circuit,  the 
energy  entering  the  pupil  would  be  at  least  6  by   10*  ergs  per 
second   concentrated   in   the   image,   that    is   an   energ>'   density 
amounting  to  in  the  neighborhood  of  6  by  10*  ergs  per  second 
per  scjuare  centimeter  reckoned  without  regard  for  absorption. 
Allowing  one  third  of  the  energy  absorbed  in  the  eye  the  energ>' 
density  in  the  image  should  be  4  by  10*  ergs  per  second  per  square 
cm.  two  or  three  times,  at  least,  greater  than  the  corresponding 
energy  density  for  a  direct  observation  of  the  sun,  very  jx^ssibly. 
owing  to  the  intensity  of  the  short  circuit,  even  several  times 
greater   than   this.     It   is  little  wonder   then   that   although   the 
exposure  time  is  stated  to  be  less  than  1  second  the  results  were 
serious. 
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Thermic  Effects  on  the  Retina  from  Lightning  Flashes 
A  consideration  of  these  miscellaneous  energy  effects  on  the 
eye  would  be  incomplete  without  referring  to  the  injuries  to  the 
eye  received  from  lightning.  In  such  cases  a  sharp  distinction 
must  be  drawn  between  cases  in  which  the  patient  is  actually 
struck  by  lightning,  with  more  or  less  serious  effects,  and  those  in 
W'hich  the  patient  is  clearly  not  struck,  but  subject  to  direct 
radiation  from  a  nearby  flash  of  lightning.  In  the  second  class 
of  cases  the  effects  are  visually  limited  to  severe  scotomata  which 
may  impair  vision  for  some  hours  or  days  but  as  a  rule  there  are 
no  lesions  visible  either  superficially  or  with  the  ophthalmoscope, 
and  no  permanent  damage  is  done. 

There  are  few  instances,  however,  in  which  the  energy  re- 
ceived at  the  eye  has  been  great  enough  to  produce  typical  lesions 
both  from  abiotic  action  and  probably  also  from  purely  thermal 
effects.  The  case  reported  by  Le  Roux  et  Renaud  was  a  specially 
notable  one  in  which  the  patient,  on  guard  duty  at  night,  was 
exposed  to  a  very  powerful  flash.  It  was  immediately  followed 
by  violent  erythropsia  which  lasted  for  some  two  hours.  The 
Gendarme  remained  at  his  post  and  went  home  and  to  bed  about 
three  hours  later.  The  next  morning  he  woke  with  acute  head- 
ache, with  substantial  blindness  in  the  left  eye  followed  a  few 
hours  later  by  loss  of  sight  in  the  right  eye.  There  was  double 
acute  conjunctivitis  with  swelling  and  reddening  of  the  lids  and 
conjunctiva  and  marked  chemosis.  A  little  latter  there  was 
diffuse  interstitial  keratitis,  a  change  in  color  of  the  iris  from 
blue  to  greenish  and  a  grayish  haze  on  the  lens  front  visible  in  a 
bright  light.  These  affections  of  the  anterior  eye  cleared  later 
and  when  the  ophthalmoscope  could  be  used  there  was  marked 
haze  in  the  vitreous,  which  cleared  very  slowly  and  not  completely 
even  after  three  years.  This  was  believed  by  Le  Roux  et  Renaud 
to  be  associated  with  chorio  retinitis  and  was  certainly  secondary 
to  the  original  lesions. 

It  is  very  difficult  to  make  anything  like  an  exact  computation 
of  the  energy  which  produced  these  results,  since  not  only  is  the 
total  amount  of  energy  in  a  lightning  flash  extremely  variable  and 
known  only  to  a  rough  approximation,  but  the  duration  of  the 
flash  is  also  variable  and  uncertain.  Thus  much  is  clear,  how- 
ever, that  the  very  heavy  discharges,  in  which  the  length  of  flash 


RADIATION  ON  THE  EYE  659 

is  some  huiuireds  dt  thousands  of  meters  and  the  quainuy  01 
electricity  dischar^'cd  very  large,  are  also  the  relatively  slow 
flashes  since  the  equivalent  condenser  capacity  is  very  large.  The 
estimates  of  frctiuency  rising  to  millions  per  second  can  have  no 
place  here,  since  obviously  the  velocity  of  free  waves  being  only 
300,000  km.  per  second,  a  flash  of  one  or  several  km.  in  length 
cannot  have  a  very  high  oscillation  frequency  even  supiK)sing  it 
permits  oscillations  at  all.  Attempts  to  measure  the  frequency 
of  the  discharge  have  often  led  to  results  of  iess  than  .001  of  a 
second  and  it  is  altogether  probable  that  in  these  long  flashes 
there  is  no  oscillation  at  all  on  account  of  the  resistance  eff^ects. 
Starting  from  the  estimate  of  Sir  Oliver  Lodge  of  10'"  ergs  per 
second  and  assuming  an  effective  time  of  discharge  .0001  of  a 
second,  and  that  of  the  total  flash  not  over  .1  is  within  the  effective 
range  of  reaching  the  eye,  the  energy  in  the  discharge  may  be 
reckoned  as  one  or  perhaps  several  thousand  times  that  of  the 
short  circuit  discussed  in  connection  with  Knapp's  case.  With 
a  nearby  discharge  occurring  say  within  10  or  20  meters,  the 
quantity  of  energy  received  by  the  eye  would  be  amply  great  to 
account  for  even  severer  results  than  those  noted  by  Knapp. 

Glassblowers'  Cataract 

The  fact  that  glassblowers  are  subject  to  a  special  form  of 
cataract  has  naturally  raised  the  question  whether  or  not  the  latter 
is  due  to  radiant  energy  and  if  so,  whether  to  abiotic  or  thermic 
action.  The  cataract  almost  always  appears  first  in  the  left  eye 
which  is  the  more  exposed  to  the  light.  When  it  appears  first  in 
the  right  eye  it  has  been  found  that  the  glassblower  has  been  in 
the  habit  of  turning  this  eye  toward  the  oven.  The  glassblowers 
are  thin  and  delicate,  and  are  subject  to  asthma  and  pulmonary 
tuberculosis.  Almost  all  of  them  have  emphysema  of  the  parotid 
gland.  During  their  working  hours  they  perspire  e.xcessively  and 
in  consequence  drink  enormous  quantities  of  fluids,  including  beer, 
coflfee,  wine,  and  lemonade. 

The  cataract  begins  as  a  rosette  like  or  diffuse  opacity  in  the 
cortex  at  the  posterior  pole  of  the  lens,  the  remainder  of  the  lens 
for  a  long  time  remaining  clear.  Later,  striae  similar  to  those 
of  senile  cataract  may  appear. 
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The  great  frequency  with  which  glassblowers'  cataract 
occurs,  its  relatively  uniform  type,  and  the  fact  above  all,  that  it 
occurs  first  in  the  more  exposed  eye,  show  clearly  enough  that  it 
is  chiefly  due  to  the  action  of  radiant  energy  on  the  eye  itself. 
This  is  supported  also  by  the  fact  that  the  cheek  shows  a  more 
marked  area  of  discoloration  on  the  side  of  the  first  effected  eye. 
The  further  questions  whether  the  cataract  is  due  to  the  direct 
action  of  the  light  upon  the  lens,  or  upon  the  eye  as  a  whole,  and 
whether  it  is  due  to  abiotic  or  thermic  action,  are  not  quite  so 
easily  answered. 

The  character  of  the  radiation  from  molten  glass  is  well 
known.  It  is  that  from  a  homogeneous  body  of  relatively  low 
temperature,  1200°  to  1400°  C.  It  is  certain  that  the  spectrum  of 
a  non  gaseous  body  at  this  temperature  does  not  include  any  of  the 
so-called  abiotic  radiation  since  the  extreme  limit  of  the  spectrum 
of  molten  glass  found  by  any  investigator  is  320  jxjx  and  estimates 
range  from  that  to  334  /x/^.  We  have  already  shown  that  the 
abiotic  action  cannot  be  traced  beyond  305  ixjx  and  there  is  not  the 
slightest  indication  from  our  researches  or  any  predecessors  that 
there  is  reason  to  suspect  an  extension  of  such  activity  to  waves 
longer  than  320  /x/a.  Even  if  there  were,  such  rays  would  be 
stopped  at  the  front  of  the  lens  by  its  absorption  and  hence  would 
be  unable  to  affect  the  posterior  cortex.  Of  the  rays  absorbed 
by  the  lens,  reaching  from  300  /t/x  to  about  400  /x/x,  the  chief 
absorption  is,  following  the  general  theory  which  we  have  already 
explained,  at  the  front  surface,  hence  if  by  any  stretch  of  imagina- 
tion glassblowers'  cataract  could  be  assumed  to  be  due  to  an  indefi- 
nitely long  application  of  such  rays  it  should  occur  at  the  anterior 
and  not  at  the  posterior  cortex.  To  rays  in  the  ordinary  visible 
spectrum  the  lens  is  notoriously  transparent  and  in  default  of 
absorption  of  energy  there  is  no  reason  to  expect  any  specific 
effects  from  it.  We  have  been  able  by  the  use  of  sources  of 
extreme  power  greatly  concentrated,  as  our  experiments  show,  to 
obtain  specific  action  of  the  ultra  violet  rays  only  to  a  microscopic 
depth,  20  jx,  so  that  the  experimental  evidence  lies  squarely  against 
any  lesions  directly  producible  by  such  sources  in  the  posterior 
cortex,  particularly  in  the  absence  of  any  effects  in  the  anterior 
cortex.  We  are  inclined  to  attach  more  importance  to  the  view 
that  the  effect  is  a  secondary  one  due  to  the  loss  of  water  in  the 


RADIATION   ON   TllK   KVK 


66l 


drain  produced  by  the  heat  on  the  front  of  the  eye  and  elsewhere, 
and  especially  that  malnutrition  due  to  interference  with  the 
functions  of  the  ciliary  body  by  the  heat  may  be  chargeable  with 
the  malady.  We  are  the  more  inclined  to  this  opinion  since  the 
intense  radiation  acts  through  the  sclera  as  well  as  through  the 
cornea,  thus  affecting  the  whole  structure. 

Applications  to  Commercial  Illuminants 
In  considering  any  possible  delecterious  effects  of  radiation 
upon  the  eye  there  are  certain  pathological  effects  which  can  be 
at  once  eliminated,  at  least  from  any  consideration  of  commercial 
illuminants.     First,  by  the  experiments  which  have  been  hereto- 
fore described  we  have  made  it  clear  that  there  can  be  no  injury 
done  to  the  retina  by  ultra  violet  light  as  such,  even  the  most 
severe  exposures  failing  completely  to  produce  any  effect  what- 
ever.    Second,  all  thermic  effects  of  energy  from  any  sourse  on 
the  external  eye  are  at  once  ruled  out  of  consideration  by  the 
immediate  discomfort  produced  by  excessive  heat.     No  person 
would  tolerate  extreme  heat  radiation  on  the  external  eye  for  a 
period   long   enough   to   produce   the    slightest   damage.     There 
remain  therefore  to  be  considered  thermic  effects  within  the  eye, 
and  specially  those  due  to  the  focussing  of  intense  radiation  upon 
the  retina  as  in  eclipse  blindness;  over  stimulation  of  the  physio- 
logical processes  in  the  retina,  that  is  pathological  effects  due  to 
light  as  such  in  its  action  on  the  retinal  structure,  and  finally 
those  abiotic  effects  of  the  extreme  ultra  violet  rays  on  the  ex- 
ternal eye  properly  known  as  photophthalmia.     It  has  been  our 
purpose  to  ascertain  the  practical  risks  incurred  in  the  use  of 
artificial  illuminants  and  the  precautions  required  to  avoid  danger. 
To  this  end  have  we  sought  especially  the  quantitative  relations 
in  the  action  of  radiant  energ>'  upon  the  eye.     We  have,  therefore, 
experimented  with  the  most  powerful  sources  used  for  practical 
lighting  under  conditions  of   intensity   immensely  greater  than 
occur  in  their  ever)-  day  use.     We  have  shown  that  as  regards 
the  general  thermic  effects  of  energy  upon  the  eye  there  is  no 
chance  of  damage  to  the  retina  or  to  the  media  of  the  eye  under 
any  practical  conditions  of  use.     With  respect  to  damage  to  the 
retina  in  particular  we  have  been  unable  to  produce  it  except  by 
exposures  and  intensities  enormously  greater  than  could  possibly 
be  reached  in  the  use  of  artificial  sources  of  light.     We  have  u>ed 
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beside  the  quartz  mercury  arc  which  is  not  particularly  strong  in 
general  radiation,  a  750  watt  magnetite  arc  which  takes  the 
greatest  amount  of  energy  of  any  arc  light  ordinarily  used  for 
illuminating  purposes  and  the  750  watt  nitrogen  lamp  which  gives 
more  ultra  violet  than  any  other  incandescent  source,  and  which 
failed  completely  to  produce  any  specific  damage  to  the  eye, 
although  in  one  experiment  the  animal  was  overcome  by  the 
general  heat  effect,  as  in  sunstroke.  This  occurred  after  an  ex- 
posure of  lYz  hours  at  20  cm.  from  the  filament.  A  second 
experiment  with  an  exposure  of  2  hours  at  the  same  distance,  in 
which  the  animal  was  well  protected  from  the  heat  and  the  head 
kept  cooled  with  water,  showed  no  damage  to  the  eye  of  any  kind. 
This  source  as  a  whole  focusses  less  sharply  than  does  the  arc 
lamp  taking  an  equal  amount  of  energy,  and  in  this  case  we  have 
already  shown  that  the  retina  would  not  be  subject  to  damage 
save  by  an  impossibly  long  exposure  with  accurate  fixation.  These 
experiments  were  at  far  shorter  distances  and  consequently  of 
enormously  greater  intensities  than  any  which  could  be  found  with 
such  sources  as  illuminants,  and  we  may  hence  conclude  that  so 
far  as  general  effects  of  thermic  energy  are  concerned  no  source 
used  for  illuminating  purposes  is  capable  under  working  condi- 
tions of  producing  any  observable  delecterious  results. 

Experiments  with  the  arc  lamp  are  crucial  because  this  source 
is  nearer  to  being  a  point  source  than  any  illuminant  of  similar 
power  and  hence  gives  much  sharper  concentration  of  energy  in 
the  image.  It  is  with  this  concentration  in  the  image  that  the 
possible  damage  to  the  retina  is  concerned.  Diffuse  sources 
which  do  not  come  to  a  definite  focus  may  be  entirely  neglected 
for  this  particular  purpose.  Low  temperature  sources  of  which 
most  of  the  energy  lies  in  the  extreme  infra  red  are  even  less 
effective  in  concentrating  energy  upon  the  retina,  because  the  eye 
never  focusses  such  wave  lengths  on  the  retina  except  as  a  diffuse 
spot. 

The  only  sources  from  which  there  seems  to  be  any  material 
danger  from  the  standpoint  of  thermic  effects  are  certain  very 
powerful  high  temperature  sources  used  in  the  arts,  such  as  heavy 
arcs  used  for  welding  purposes,  furnaces,  electric  or  other,  where 
there  is  customarily  great  concentration  of  energy,  and  such 
purely  accidental  phenomena  as  short  circuits.     Perhaps  some  of 
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the  very  powerful  arcs  used  in  searchlights  might  be  included  in 
this  class  of  the  possibly  dangerous.  Ordinary  discretion  in 
avoiding  disagreeably  powerful  lights  or  suitably  shading  the  eyes 
from  them  should  avert  easily  all  real  danger  from  any  of  these 
sources  of  radiation,  save  the  short  circuits  which  are  accidental 
rather  than  ordinarj'  risks.  Certainly  no  sources  used  for  light- 
ing purposes  can  be  classified  as  dangerous  from  the  standpoint 
of  thermic  effects. 

We  wish  particularly  to  emphasize  the  fact  that  so  far  as  any 
possible  temporar>'  or  permanent  injury  to  the  retina  is  concerned 
such  action  must  depend  on  the  concentration  of  energy  in  the 
image.  Consequently,  extended  sources  of  moderate  intrinsic 
brilliancy  are  to  be  preferred  to  intense  sources.  Hence  it  is 
desirable  to  protect  all  sources  naturally  of  high  intrinsic 
brilliancy  by  diffusing  globes. 

As  regards  dangers  of  injury  to  the  eye  from  light  radiation 
as  such,  our  experiments  indicate  that  it  has  been  very  greatly 
exaggerated  as  regards  its  pathological  possibilities.     It  is  un- 
doubtedly true  that  brilliant  sources  of  light  are  disagreeable  and 
that  they  produce  unpleasant   effects   in  temporary  scotomata, 
disturbance  of  color  vision,  persistent  and  annoying  after  images 
and  fatigue  due  to  efforts  to  overcome  the  difficulties  of  vision 
under    these    disadvantages.     As    regards    definite  pathological 
effects  or  permanent  impairment  of  vision  from  exposure  to  the 
luminous  rays  alone  we  have  been  unable  to  find  either  clinically 
or  experimentally  anything  of  a  positive  nature.     As  for  the  ultra 
violet  part  of  the  spectrum  to  which  exaggerated  importance  has 
been  attached  by  many  recent  writers,  the  situation  is  much  the 
same  as  with  respect  to  the  rest  of  the  spectrum,  that  is,  while 
under  conceivable  or  realizable  conditions  of  over  exposure  injury 
may  be  done  to  the  external  eye  yet  under  all  practical  conditions 
found  in  actual  use  of  artificial  sources  of  light  for  illumination 
the  ultra  violet  part  of  the  spectrum  may  be  left  out  as  a  possible 
source  of  injury.     All  illuminants  possess  an  easily  measurable 
amount  of  ultra  violet  radiation  ranging,  as  one  of  us  has  already 
shown  from  about  4  ergs  per  second  per  square  cm.  per  foot 
candle  of  illumination  in  the  quartz  arc  with  the  usual  globe,  to 
more  than  twenty  times  this  amount  in  the  enclosed  carbon  arc 
shining  through  a  quartz  window.     Between  these  two  lie  the 
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whole  range  o£  incandescent  lamps  both  gas  and  electric,  the 
ordinary  mercury  arcs  and  the  ordinary  Cooper  Hewitt  tube, 
flames,  arc  lamps  of  various  sorts,  and  sunlight.  The  last 
mentioned  occupies  an  intermediate  position  between  the  high 
efficiency  electric  incandescent  lamps  and  the  older  incandescent 
lamps  or  ordinary  flames. 

No  injurious  effects  have  been  attached  with  any  reasonable 
degree  of  certainty  to  the  ultra  violet  radiation  which  lies  between 
the  end  of  the  visible  spectrum  and  the  begining  of  the  abiotic 
rays.  Since  this  range  of  radiation  is  present  in  considerable 
amount  in  ordinary  sunlight,  it  is  sufficiently  obvious  that  any 
definitely  harmful  results  producible  under  ordinary  conditions 
would  have  been  eliminated  by  the  ordinary  progress  of  evolution. 
Artificial  illuminants  under  any  practical  conditions  of  use  expose 
the  eye  to  much  less  severe  radiation  in  this  part  of  the  spectrum 
than  does  ordinary  daylight  and  a  fortiori  can  be  excluded  as 
possible  sources  of  harm. 

With  respect  to  abiotic  radiations  we  have  every  reason  to 
acquit  on  sound  experimental  basis  every  known  artificial 
illuminant  when  working  under  ordinary  conditions  of  commercial 
use.  The  only  sources  used  in  the  arts  which  have  abiotic  power 
enough  to  require  special  caution  in  their  use  are  those  not 
employed  for  the  purpose  of  illumination. 

Our  general  conclusion,  therefore,  regarding  the  effect  of 
radiation  from  practical  illuminants  on  the  hunman  eye  is  that  no 
sources  commercially  employed  for  such  a  purpose  are  to  be 
regarded  as  dangerous  and  that  the  most  ordinary  care  in  provid- 
ing illumination  with  which  comfortable  vision  can  be  obtained 
is  sufficient  for  complete  security  against  all  possibility  of  injury 
from  radiation. 

DISCUSSION 

Dr.  G.  S.  Crampton  :  Mr.  Millar  was  quite  right  when  he 
said  that  this  paper  may  be  considered  a  classic.  For  years  ob- 
servers have  been  studying  the  effects  of  ultra-violet  light  upon 
fhe  eye  and  each,  generally,  had  his  own  particular  protecting 
glass  to  extol  or  defend.  There  was  much  discussion  as  to  the 
necessity  for  protection  and  of  the  virtues  of  the  various  glasses. 
The  question  seems  to  have  been  largely  settled  by  the  advent  of 
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the  \'cilu>cff-Hcll  nionoj^raph  on  the  subject  a  few  \  a 

really  epoch  making  piece  of  work.     We  know  Dr.  \  ::  as 

probably  the  foremost  eye  pathologist  in  this  country  and  his  co- 
worker is  equally  well  known  in  his  field.  As  a  result  of  their 
studies  the  effects  of  ultra-violet  light  on  the  eye  are  no  longer 
dreaded  by  those  who  are  acquainted  with  the  facts  but  there  is 
still  much  ignorance  to  be  combated,  and  what  makes  progress 
still  harder  there  appears  to  be  a  definite  propaganda  in  this 
country'  on  the  part  of  certain  makers  of  a  protective  glass  having 
a  high  sounding  name,  to  impress  the  public  with  the  dangerous 
effects  of  ultra-violet  light  upon  the  eye.  Undoubtedly  these 
glasses  have  much  virtue,  under  certain  circumstances  especially 
when  used  to  prevent  glare  and  in  certain  industries,  but  to  fear 
the  ultra-N-iolet  light  that  results  from  our  modem  illuminants,  for 
its  supposed  effects  upon  the  eye  is  a  mistake. 

I  am  glad  that  the  authors  have  told  us  of  the  continuance  of 
their  work  and  have  brought  it  before  the  public  in  a  way  which 
I  hope  will  have  the  widest  publicity. 

I  recall  visiting  the  factor}'  of  the  Cooper-Hewitt  Company 
where  I  was  told  that  the  employees  took  practically  no  precau- 
tions to  protect  their  eyes  except  possibly  by  wearing  an  ordinary 
pair  of  glasses. 

Unquestionably  a  certain  degree  of  immunity  results  from 
the  constant  exposure  to  ihe  bright  lights.  For  the  first  couple  of 
weeks  some  of  the  girls  who  face  the  lights  all  day  at  short  range 
are  somewhat  effected  and  there  may  be  some  epiphora  but  they 
soon  become  used  to  the  work  and  continue  at  it  without  harm  for 
years.  Under  these  circumstances  great  care  should  be  exercised 
that  the  employee  is  not  undergoing  eyestrain  as  a  result  of  a 
faulty  refraction  or  an  uncorrected  astigmatism. 

J.  B.  Taylor  :  I  notice  in  speaking  of  the  Angstrom  units  in 
the  paper  Dr.  Bell  has  used  millimicrons.  For  myself  I  prefer 
the  decimal  with  the  single  fi  after  it.  Is  the  millimicron  some- 
thing that  the  Doctors  understand  and  prefer  to  use? 

Louis  Bell:  Really  that  is  correct.  I  was  brought  upon 
the  Angstrom,  but  the  millimicron  came  in  later  and  I  have  con- 
sistently tried  to  use  it. 
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Indirect  Illumination 


To  the  architect,  engmet-r.  the  Jlucicnt  to  all  jntcr- 
estcd  in  better  lighting  conditions  is  extended  a  cor- 
dial invitation  to  visit  our  demonstration  rooms.  Here 
can  be  seen  the  latest  methods  for  "Lighting  From 
Concealed  Sources,'*  ceiling  fixtures  of  the  luminous 
bowl  or  opaque  type,  and  equipment  for  cornice, 
pedestal,  side  wall  and  bracket  lighting. 

You  may  confer  on  your  lighting  problems  with 

experienced  engineers  at  no 

charge  to  you 


National  X-Ray  Reflector  Co. 


31  West  46th  Street 
NEW  YORK 


235  Wc»t  Jack*on  Blvd. 
CHICAGO 


LIGHT 

Duplexalit(»  have  a  high  indirect 
and  low  direct  component, 
thereby  furnishing  a  unifotm 
and  well  diffused  illumination, 
with  an  absence  ol  glare  sui- 
rounding  the  ^ture. 


The  Duplex  Lighting  System  in  an  ideal  one  fm  the  Home,  Office,  Store  and  HoteL 

Catalog  and  data  book  on  rrqunt 

DUPLEX  UGHTING  WORKS 

ut  Crocial   EJrdric  Coatpaoy 


6  VI' EST  Aikh  ST, 


NEW  YORK  QTY 


Duplex-a-liter^ 
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No.  1824 

One  of  the  many 
beautiful  Welsbach 
Gas  Bowls  that  are 
ideal  for  home, 
office,  or  public 
building  installa- 
tion. 


SUNLIGHT 

ON  A  HAZY  DAY 


is  conceded  by  experts  to  be  the  ideal  illumina- 
tion. There  is  no  blinding  glare  nor  deep,  black 
shadows.  It  is  Nature's  means  of  supplying  semi- 
indirect  light. 

Welsbach  Semi-Indirect  Gas  Lighting  Bowls, 
using  the  soft  and  mellow  light  that  only  gas  can 
give,  supply  illumination  that  is  well  diffused  and 
uniform  in  intensity.  Write  for  detailed  information. 


WELSBACH  COMPANY 

GLOUCESTER,  N.  J. 
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Improi'vmfnts  that  did  trtimpnrtdtion  hi-lp  to  Mtli'f  urif  of 
th»  leadinfi  problems  that  are  ensayiny  the  attention  of  th» 
country  today. 


This  fix 
Sectors  is 
wuy  liifhl 


A  NEW  SYSTEM  OF 

HIGHWAY  LIGHTING 

The  General  l.leclnc  Lwinp..i,,  ^  u«r»* 
system  of  liighway  li)<htinK,  with  fix- 
tures that  spread  the  lifjht  on  the  roa«l, 
offers  a  splendid  opportunity  for  local 
campaigns  in  behalf  of  this  form  of  light- 
ing. 

One  250  c.  p.  lamp  every  400-600  feet 
(thirty  feet  above  the  road-side)  will  pro- 
vide adequate  illumination  without  glare 
(approximately  1750  c.  p.  at  an  angle  of 
lo  degrees  below  horizontal).  This  min- 
inii/es  accidents  adds  to  the  comfort  of 
night  driving  and  discourages  lawless- 
ness. 

Though    this  system    can  be  wired  in 

niultiple.  a  series  system  is  more  econom- 
ical—and maintenance  is  easy  with  the 
"^w  G-F  niagazine  film  ciit  out  that 
eliminates  inconvenience  and  uncertain- 
ty in  replacing  burnt  out  cr  broken 
lamps. 

The  street  lighting  specialist  in  our  nearest  dis- 
trict ortke  will  gladly  give  further  information  and 
assist  in  a  local  campaign  for  ruad  lighting. 
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Westinghouse-Cutter 
Lighting  Equipments 

Cut  the  Dark  Hours  from  the  Working  Day 

Figures  obtained  from  hundreds  of  plants  show- 
that,  on  an  average,  better  lighting  made  actual 
economies  in  production  equivalent  to  the  additional 
value  of  57  minutes  in  a  nine-hour  day. 

What  about  your  plant?  If  you  pa}'  an  average 
wage  of  $0.75  per  hour,  your  savings  on  the  time 
gained  would  lae  fo.71  per  man  per  day,  or  f 2 13.00  pei 
man  per  year. 

To  produce  this  result  an  investment  of  less 
than  one  twelfth  of  this  amount  per  man  is  required. 

Preliminary  lighting  surveys,  made  by  Westing- 
house  engineers  show  with  considerable  exactness 
just  what  better  lighting  will  save  and  produce  in 
any  instance.  These  surveys  are  made  for  any 
manufacturer  without  obligation  or  cost.  Though 
the  estimates  furnished  are  extremely  conservative, 
they  are  almost  always  startling. 


Westinghouse  Electric  &  Manufacturing  Company 
George  Cutter  Works,  South  Bend,  Indiana 
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Society 
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on  all  phasei  of  illummation  ;  supplementing,  expanding  and  recording 
new  developments  in  the  art  and  science  of  lighting. 
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VALUATIONS 

ON 

INDUSTRIAL   AND    PUBLIC   SKRVICK 

PRDl'KKTIES 

NEW  YORK    BOSTON    CHICAGO 


1 4- Karat  gold  with  safety  pin- 
clasp,  highest  grade  enamel. 


Blue  background  for  Members 
Red  background  for  Associate 
Members 


BADGE 

PRICE  $3.50 
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Photometric    Tests 

Photometrical  measurements  on  electric  arc  and  in- 
candescent lamps  of  all  kinds,  special  lamps,  gas, 
acetylene,  kerosene  and  alcohol  lamps,  etc. 

Tests  of  globes,  shades,  reflectors,  etc. 

Spectrophotometric  and  colorimetric  tests. 

Life  tests  of  electric  incandescent  lamps,  arc  lamp 
carbons,  gas  mantles,  etc. 

Illumination  tests  made  anywhere,  indoors  or  outdoors. 

Secondary  standards  of  candlepower  furnished. 


Electrical  Testing  Laboratories 

80th  Street  and  East  End  Avenue,  New  York,  N.  Y. 
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